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DOCUMENT- IDENTIFIER: US 5508261 A 

TITLE: Analogs of glycoprotein hormones having altered receptor binding specificity 
and activity and methods for preparing and using same 

Drawing Description Text (7) : 

FIG. 6 illustrates the half lives of hCG isolated from the urine of pregnant women 
(uhCG) , hCG made in cell culture (rhCG) , hFSH made in cell culture (rhFSH) , DG 
(CF94-117) made in cell culture, and PRM1 (CFC94-114) made in cell culture. In 
these experiments, 5-15 micrograms of the proteins were injected intravenously into 
the external jugular vein of rats that had been anesthetized with ether. At the 
times indicated on the abscissa, the rats were reanesthetized and 0.2 ml of blood 
withdrawn and allowed to clot. The serum from this blood was obtained by 
centrifuging the clotted blood at 2000. times. g for 30 minutes. For measurements of 
hCG, DG, and PRM1, aliquots of the serum (0.1-50 microliters) were used in sandwich 
immunoassays employing A113 as a capture antibody and radioiodinated B105 as a 
detection antibody. hCG purified from urine was used as a standard curve to measure 
hCG, DG, and PRM1 . For measurements of hFSH, aliquots of the serum (0.1-50 
microliters) were used in sandwich immunoassays employing A113 as a capture antibody 
antibody and radioiodinated B602 as detection antibody. hFSH purified from tissue 
culture medium was used as a standard to measure hFSH. FIG. 6 illustrates that all 
the analogs can be detected in serum for several hours after they have been 
injected into rats. The value obtained at 1 hour was normalized to be 100% and the 
amounts of materials that remained after this time were expressed as a percentage 
of the amount at 1 hour. This method permits the relative stability of the 
materials to be seen. Urinary hCG, rhCG, and PRM1 are the most stable compounds and 
could be detected 24 or more hours after injection. The vertical bar in FIG. 6 
extends to the upper limit of the standard error of the mean. 

Detailed Description Text (3) : 

The alpha, beta -heterodimeric polypeptides of the present invention are "engineered" 
"engineered" to alter the LH and FSH receptor binding activity and specificity of 
the polypeptides in vertebrates. Applicants have found that 1) the region of the 
hCG beta-subunit between 94-97 (i.e., "D" region) is most important for LH receptor 
binding activity and specificity, 2) the region of the hFSH beta -subunit between 
100-106 (hCG numbering, i.e., "G" region) is most important for FSH binding 
activity and specificity and, 3) these regions ("D" and "G") of the beta -subunit 
are somewhat independent in activity. Substitution of a non-LH sequence in the "D" 
region will decrease binding of the polypeptide to the LH receptor. Substitution of 
a FSH sequence in the "G" region will increase binding of the polypeptide to the 
FSH receptor. Thus, it is possible to make modifications and substitutions in these 
regions to decrease the affinity of hCG for LH receptors and to dramatically 
increase the affinity of hCG for FSH receptors. The region of the beta -subunit 
between 1-93 and the choice of alpha -subunit does not appear to be important for LH 
and FSH binding activity and specificity. Hence analogs having a wide variety of 
activities can be made by altering the compositions of these two critical regions. 

Detailed Description Text (24) : 

These values were obtained by dividing the concentration of analog required to 
inhibit .sup. 125 I-hCG binding to rat luteal ovarian LH receptors or .sup. 125 I- 
hFSH binding to bovine testes FSH receptors by 50% into that required for 
recombinant hCG and recombinant hFSH, respectively. The concentrations of the 
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analogs were determined by sandwich immunoassay using antibodies B105 and A113. The 
term "N . D . " means not determined because concentrations of analog were not employed 
high enough to detect 50% inhibition. This was because the amounts of hFSH needed 
- to bind to LH Receptors are several orders of magnitude greater than that of hCG 
and vice versa the amounts of hCG needed to bind to FSH receptors are several 
orders of magnitude greater than that of hFSH. 

Detailed Description Text (46) : 

An aliquot of the ligation mixture was taken and used to transform DH5 -alpha strain 
E. coli. (obtained from Bethesda Research Laboratories, Gaithersburg, Md.). Plasmid 
DNAs from ampicillin-resistant DH5 -alpha clones were screened by digestion with 
Bglll (which is unique to vectors containing the cassette) and EcoRI (which cuts in 
the vector) . Positive clones were identified by the presence of two fragments 
(approximately 0.8 Kbp and 2.9 Kbp) . The sequence in the coding region of one of 
these plasmids, which lacked most of the beta -subunit cDNA due to excision of the 
PvuII fragment, was confirmed by dideoxysequencing as described (10) . The remainder 
of the beta -subunit cDNA (encoding hCG.beta. amino acids 1-87) was restored by 
ligation of the 2.3 Kbp PvuI-PvuII fragment of this vector and the 2.9 Kbp Pvul- 
PvuII fragment from pSVL-hCG -beta ' . The ligation mixture was used to transform DH5^ 
alp ha strain E. coli. and ampicillin resistant clones were obtained. Miniprep 
plasmid DNA from these clones were digested with EcoRI and Bglll, and DNA from 
positive clones exhibited fragments of approximately 2.5 Kbp and 2.9 Kbp. After the 
DNA was subjected to a dideoxy sequencing procedure to confirm that it encoded 
"GT" (Table 1) , the plasmid DNA was then cotransf ected into COS-7 cells (obtained 
from the American Type Culture Collection) along with pS VL -hCG - alpha , a pSVL-based 
plasmid encoding the human glycoprotein hormone alpha -subunit (10, 21), using a 
DEAE-dextran procedure (10) . Beginning in 1-2 days and for a few days thereafter, 
the COS-7 cells produced significant amounts of the free subunits and the 
heterodimer. These were present in the culture media and heterodimer was detected 
using sandwich immunoassays employing monoclonal antibodies A113 and BIOS (10) . The 
protein was concentrated by ultrafiltration and monitored for its abilities to bind 
to LH and FSH receptors by radioligand receptor assays using .sup. 125 I-hCG 
and .sup. 125 I-hFSH as tracers and rat ovarian corpora lutea and bovine testes as 
sources of LH and FSH receptors as described (10) . 

Detailed Description Text (48) : 

We have found that an alpha, beta-heterodimer composed of the alpha-subunit of hCG 
and an hCG/hFSH beta-subunit chimera termed "G" having the amino acid sequence 
illustrated in Table 1 has high affinity for LH and FSH receptors as shown by its 
ability to compete with radiolabeled hCG and/or hFSH for binding to these receptors 
(Table 3, FIGS. 1 and 2) . This analog can be prepared in a variety of methods well- 
known to one versed in the art of molecular biology, one of which is described 
here. The cDNA for analog "GT' was digested with Bglll and SstI and the 5.2-5.3 Kbp 
fragment was ligated with the oligonucleotides: ##STR4## using standard methods 
(23, 24). The ligation mixture was used to transform competent DH5-alpha strain E. 
coli. (23, 24). Transformed cells were selected by their abilities to grow on agar 
plates containing amphicillin. Ampicillin resistant colonies were chosen and 
plasmid minipreparations were made by the boiling lysis method (23, 24). The 
plasmid DNA was then tested for the presence of Hindlll-Apal endonuclease 
restriction sites. Plasmid DNA having the desired sequences was cleaved into three 
fragments (approximately 0.8 Kbp, 1.1 Kbp, and 3.4 Kbp). After the DNA was 
subjected to a dideoxy sequencing procedure to confirm that it encoded "G" (Table 
1) , the plasmid DNA was then cotransf ected into COS-7 cells (obtained from the 
American Type Culture Collection) along with pSVL-hCG-alpha, a pSVL-based plasmid 
encoding the alpha-subunit (10, 21), using a DEAE-dextran procedure (10, 21, 23, 
24) . Beginning in 1-2 days and for a few days thereafter, the COS-7 cells produced 
significant amounts of the free subunits and the heterodimer. These were present in 
the culture media and heterodimer was detected using sandwich immunoassays 
employing monoclonal antibodies A113 and B105 (10) . The protein was concentrated by 
ultrafiltration and monitored for its abilities to bind to LH and FSH receptors by 
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radioligand receptor assays using .sup. 125 I-hCG and .sup. 125 I-hFSH as tracers and 
rat ovarian corpora lutea and bovine testes as sources of LH and FSH receptors as 
described (10) . 

Detailed Description Text (50) : 

Preparations of analogs "D" and M DG 1 " have been described previously (10) and are 
.the same as those of analogs CF94-97 and CF94-114 in that report, respectively. 
Analog "Q" was prepared from the expression vector encoding analogs "D" and CF108- 
114 (10) by digesting them with PpuMI, separating the fragments on agarose gels, 
and ligating the large fragment obtained from CF108-114 with the small fragment 
obtained from "D. " The resulting plasmid was then cotransf ected into COS-7 cells 
along with pSVL-hCG- alpha and the media assayed for the presence of the analogs 
using an A113-B105 sandwich immunoassay as described (10) . 

Detailed Description Text (53) : 

The ligation mixture was used to transform DH5A E. coli. and miniprep plasmid DNA 
obtained from ampicillin resistant colonies was screened for the presence of an 
approximately 0.6Kbp fragment released by digestion with Accl. After DNA sequencing 
was performed to confirm that the construct encoded the desired sequence, it was 
cut with PvuII and ligated with the 1.6 Kbp fragment of pSVL-hCG . beta . ' . The 
ligation product was transformed into DH5 -alpha strain E. coli. and positive clones 
were selected. Plasmid DNA was prepared by boiling lysis and digested with EcoNI 
and Xhol. DNA which had the insert in the correct orientation produced fragments 
approximately 2.6 Kbp, 1.7 Kbp, 0.5 Kbp, 0.2 5 Kbp, and 0.15 Kbp. The plasmid DNA 
was then cotransf ected into C0S-7 cells (obtained from the American Type Culture 
Collection) along with pSVL-hCG- alpha, a pSVL-based plasmid encoding the alpha- 
subunit (10, 21), using a DEAE-dextran procedure (10, 21, 23, 24). Beginning in 1-2 
days and for a few days thereafter, the C0S-7 cells produced significant amounts of 
the free subunits and the heterodimer. These were present in the culture media and 
heterodimer was detected using sandwich immunoassays employing monoclonal antibodies 
antibodies A113 and B105 (10) . The concentration of the protein was concentrated by 
ultrafiltration and monitored for its abilities to bind to LH and FSH receptors by 
radioligand receptor assays using .sup. 125 I-hCG and .sup. 125 I-hFSH as tracers and 
rat ovarian corpora lutea and bovine testes as sources of LH and FSH receptors as 
described (10) . 

Detailed Description Text (60) : 

As illustrated in FIG. 6, the half-life of DG is approximately the same as that of 
hFSH and less than that of urinary hCG. The half -life of PRM1 appears to be 
slightly longer. These half -live studies were performed by injecting approximately 
5-15 .mu.g of hormones i.v. into a rat and then drawing samples at various times 
(indicated on the figure) . The amount of material in serum was estimated by 
sandwich immunoassay employing antibodies A113 for capture and radioiodinated B105 
for detection of hCG, DG, G, and PRM1 . For hFSH we used a sandwich assay based on 
A113 and radioiodinated B602. These assays have been described in other patent 
applications . 
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[Current data on the structure -activity relationship of gonadotropins] 

Donnees recentes sur les relations s tructure-activite des hormones 
gonadotropes . 
Bidart J M 

Service d ' Immunologie Moleculaire, Institut Gustave-Roussy, Villejuif. 

Annales pharmaceutiques francaises ( FRANCE) 1994, 52 (1) pl-10, 
ISSN 0003-4509 Journal Code: 2985176R 

Document type: Journal Article; Review; Review, Tutorial ; English 
Abstract 

Languages : FRENCH 

Main Citation Owner: NLM 

Record type: Completed 

Subfile: INDEX MEDICUS 

Most of the available information on the structure-function of 
gonadotropins is critical for the development of both therapeutic 
approaches to reproductive malfunctions and new strategies for the control 
of fertility. Major advances in our understanding of the structure of these 
hormones and the manner in which they interact with their receptors have 
been made in recent years. Furthermore, the recent availability of highly 
purified hormones and their recombinant counterparts as well as the cloning 
of he receptors offer new tools for the investigation of structure-activity 
relationship of gonadotropins. The present article reviews : (i) the 
overall structure of these complex glycoprotein hormones assembled from two 
distinct alpha ( alpha ) and beta ( beta ) subunits, (ii) their 
heterogeneities in term of carbohydrate and peptidic structures, which 
influence both the bioactivity and the immunoreactivity of the hormones, 
(iii) ' the structure and the functional domains of their receptors, 
belonging to the G-protein coupled receptor family, and (iv) the more 
recent information available on the regions of interaction between the 
subunits and between the hormone and its corresponding receptor. Pioneering 
work on the topographical features of gonadotropins has been accomplished 
in a piecemeal fashion by using classic chemical methods of protein 
modification. In the last ten years, new approaches, including the 
production of monoclonal antibodies, the construction of synthetic peptides 
and the use of recombinant DNA technology, provided important insights in 
the knowledge of these molecules. However, significant progress remains to 
be accomplished, particularly in the establishment of the three-dimensional 
structure of these hormones, which are critical for the understanding of 
pathophysiological processes related to endocrinology and for the design of 
new peptidic or nonpeptidic analogs useful of therapeutic approaches. (42 
Refs. ) 
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13849968 PMID: 9550532 

The effects of menopausal status and exercise training on serum lipids 
and the activities of intravascular enzymes related to lipid transport. 

Apr 1998 

... untrained eumenorrheic, premenopausal (PRM) women (n = 21; mean age, 
36 +/- 3 years) and estrogen-free postmenopausal (POM) women (n = 16; 
mean age, 68 +/- 8 years). Subjects trained at a progressive intensity... 

. . .weeks on a standardized diet designed to maintain body weight and during 
the early follicular stage for the PRM group. Blood samples were analyzed 
for serum total cholesterol (TC) , triglyceride (TG) , high-density 
lipoprotein cholesterol (HDL-C) , the cholesterol content of the... 

... apo)A-I and apoB, lipoprotein ( a ) , and the activity of 
lecithin : cholesterol acyltrans f erase (LCAT) . Total and hepatic 
triglyceride lipase activity (HTGLA) were determined from plasma samples 
obtained after heparin administration. . . 

Descriptors: Lipase — blood — BL; *Lipids--blood — BL; ^Lipoprotein Lipase 
— blood — BL; * Menopause — blood — BL; * Phosphatidyl choline-Sterol 
O-Acyltransferase — blood — BL; ^Physical Education and Training...; Analysis 
of Variance; Apolipoproteins — blood — BL; Biological Transport; Endothelium, 
Vascular — enzymology — EN; Lipids — pharmacokinetics — PK; Postmenopause 
— blood- -BL; Premenopause — blood — BL 
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13820436 PMID: 9518873 

Development, validation and application of an ultra- sensitive two-site 
enzyme immunoassay for human follistatin. 

Feb 1998 

... 288. The presence of sodium deoxycholate and Tween 20 in the diluent 
gave results for total (free and activin-dissociated) follistatin. The 
assay had a detection limit of <19 pg/ml . . . 

...showed fluctuating follistatin concentrations (approximately 0.62 ng/ml) 
with no apparent relationship to the stage of the cycle. Interestingly, 
pooled serum from postmenopausal women appeared to have higher 
follistatin levels than any of the normal women (approximately 1... 

. . . ; blood — BL; Granulosa Cells — secretion — SE; Isomerism; Menstruation 
— blood — BL; Mice; Mice, Inbred BALB C; Postmenopause — blood — BL; 
Regression Analysis; Semen — chemistry — CH; Sensitivity and' Specificity 
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[Health education on menopause: consensus on its contents] 

Educacion para la salud sobre el climaterio: un consenso sobre sus 
contenidos . 
Dec 1997 

...define the standard knowledge women should have about the menopause in 
order to confront this stage successfully. DESIGN: Use of the Delphi 
technique to reach consensus with experts at a national... 

... psychological and social health fields, who had professional experience 
in women's problems at this stage of their lives, and/or authors of 
books, articles, doctoral theses and other documents on... 
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Saarlandes, Germany. 

European journal of clinical chemistry and clinical biochemistry - 
journal of the Forum of European Clinical Chemistry Societies (GERMANY) 
Mar 1991, 29 (3) pl89-92, ISSN 0939-4974 Journal Code: 9105775 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Subfile: INDEX MEDICUS 

We developed a luminescence immunoassay (LIA) for follitropin , based 
on the synthesis of a follitropin -N- { 4-aminobutyl ) -N-ethylisoluminol 
conjugate. The luminescence tracer was purified by gel chromatography. 
Antibody-bound and non-bound tracer fractions were separated by using a 
second antibody reagent bound to magnetic particles. The assay can be 
performed within 24 hours and is sufficiently sensitive for the measurement 
of all clinically relevant follitropin concentrations including the 
subnormal range. 

Tags : Human 

Descriptors: *Follicle Stimulating Hormone--analysis — AN; Analysis of 
Variance; Diagnostic Tests, Routine — methods — MT; Immunoassay — methods — MT; 
Indicators and Reagents; Luminescence 
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Multianalyte immunoassay based on spatially distinct fluorescent areas 
quantified by laser-excited solid-phase time-resolved fluorometry. 

Kakabakos S E; Chris topoulos T K; Diamandis E P 

Department of Clinical Biochemistry, Toronto Western Hospital, Ontario, 
Canada . 

* Clinical chemistry (UNITED STATES) Mar 1992, 38 (3) p338-42, ISSN 
0009-9147 Journal Code: 9421549 

Comment in Clin Chem. 1992 Mar; 38 (3) 327-8; Comment in PMID 1547545 
- Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Subfile: INDEX MEDICUS 

We describe a new multianalyte immunoassay principle and apply it to 
the simultaneous immunoassay of lutropin, follitropin , 

choriogonadotropin, and prolactin in. serum. The method is based on the 
coating of distinct areas of polystyrene with analyte-specif ic antibodies. 
These antibodies react with the analyte and immobilize it in a specific 
area while another biotinylated antibody also reacts with the analyte to 
form a sandwich. After addition of streptavidin labeled with the 
fluorescent europium chelate of 4 , 7-bis ( chlorosulf ophenyl ) - 1 , 10-phenanthrol 
ine-2, 9-dicarboxylic acid, fluorescent areas are formed, the intensity of 
which is related to the amount of each analyte present in the sample. The 
fluorescent areas are quantified on the dry solid phase with laser-excited 
time-resolved fluorometric measurements. The assays developed are highly 
sensitive, precise, and accurate. We believe that this system shows 
potential for multianalyte immunoassay of diverse groups of compounds in 
disciplines such as endocrinology, infectious disease, hematology, and 
oncology . 
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Can follicle-stimulating hormone be used to define menopausal status? 

Stellate SM R K; Crawford PhD S L; McKinlay PhD S M; Longcope MD C 
New England Research Institutes, Watertown, Massachusetts. 

Endocrine practice - official journal of the American College of 
Endocrinology and the American Association of Clinical Endocrinologists ( 
United States) 1998, 4 (3) pl37-41, ISSN 1530-891X Journal Code: 
9607439 

Document type: Journal Article 
Languages : ENGLI SH 
Main Citation Owner: NLM 
Record type: In Data Review 



Objective: To assess the ability of the level of follicle-stimulating 
hormone (FSH) to distinguish among premenopausal , perimenopausal , and 
postmenopausal women. Methods: We examined cross-sectional and 

longitudinal data from the second phase of the Massachusetts Women's Health 
Study (1986 to 1995), a population-based cohort of 427 premenopausal and 
perimenopausal women identified from the first phase of the Massachusetts 
'Women's Health Study (1981 to 1986). Results: Boxplots of FSH levels 
throughout the menopausal transition displayed considerable overlap. 
Logistic regressions and their resulting receiver operating characteristic 
- curves further demonstrated that, although FSH is a statistically, 
significant predictor of menopausal status, no single value of FSH is' 
expedient for distinguishing premenopausal from perimenopausal or 
perimenopausal from postmenopausal women. Conclusion: FSH alone is not 
an effective predictor of transition into the perimenopausal or 
postmenopausal period. Specifically, the frequently recommended FSH 
cutoff of 40 IU/L is inappropriate by itself for clinical determination 
of postmenopausal status. 
Record Date Created: 20040714 
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Relationship between plasma calcium fractions , other bone-related 
variables, and serum follicle-stimulating hormone levels in 
premenopausal , perimenopausal , and postmenopausal women. 

Nordin B E; Morris H A; Need A G; Horowitz M; Robertson W G 

Division of Clinical Chemistry, Institute of Medical and Veterinary 
Science, Adelaide, Australia. 

American journal of obstetrics and gynecology (UNITED STATES) Jul 1990, 

163 (1 Pt 1) pl40-5, ISSN 0002-9378 Journal Code: 0370476 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 
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The study comprises 18 6 untreated normal premenopausal , perimenop ausal 
, and postmenopausal women in whom we measured ^ ser um 

follicle-stimulating hormone and a number of bone-related plasma and 
urinary variables. The calcium fractions in the plasma were calculated from 
the total calcium, albumin, globulin, anion gap, and bicarbonate 
concentrations. With a level of follicle-stimulating hormone within the 
reference range (up to 20 U/L) to define the premenopausal state, we 
confirmed previously reported menopausal rises in plasma calcium, 
phosphate, alkaline phosphatase, and bicarbonate, and in urinary calcium 
and hydroxyproline . However, inspection of the data, and t testing at 
different follicle-stimulating hormone criteria showed that these changes 
in bone-related variables did not generally occur until the level of 
follicle-stimulating hormone exceeded approximately 50 U/L. The plasma 
^alkaline phosphatase level rose earlier than the other variables and was 
significantly elevated in subjects with follicle-stimulating hormone 
values above 30 U/L. The rise in plasma calcium was mainly a result of a 
"rise in the ultraf iltrable fraction, which in turn was accounted for by 
rises in the ionized and complexed fractions, of which the complexed 
fraction was the most significant and proportionately the largest. The rise 
in the complexed fraction was accounted for by the increase in plasma 
bicarbonate . 
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10341356 PMID: 7839330 

Endocrinological changes in pre- and postmenopause ] 
Endokrinologische Veranderungen in der Pra- und der Postmenopause . 

von Hoist T 

Abteilung fur Gynakologische Endokrinologie und Fertilitatsstorungen, 
Universitats-Frauenklinik Heidelberg . 

Therapeutische Umschau. Revue therapeutique (SWITZERLAND) Nov 1994, 51 
(11) p722-8, ISSN 0040-5930 Journal Code: 0407224 
Document type: Journal Article ; English Abstract 
Languages: GERMAN 
Main Citation Owner: NLM 
Record type: Completed 
Subfile: INDEX MEDICUS 

The endocrinology of the perimenopause — the time between pre- and 
postmenopause — is characterized by changes in the metabolism of the 
steroid hormones caused by increasing insufficiency of the ovaries. Until 
the age of 48 the concentrations of the estrogens are relatively constant 
with a median level of 120 pg/ml serum for estradiol and of 75 pg/ml for 
estrone. Between the age of 49 and 54 the levels decrease to concentrations 
of 35 pg/ml for estrone and 10 pg/ml for estradiol. In the corresponding 
time, there is a tenfold rise of the level of FSH. The level remains 
constant until high age. The decrease of the estrogens causes the menopause 
in an age of 51 to 52. In the postmenopause the ovaries don't play a role 
for the concentrations of the estrogens. The concentrations are determined 
by the conversion of the androgens secreted by the adrenal cortex. The 
serum concentrations of androstenedione are five times higher than those of 
testosterone . The function of the adrenal cortex remains until high age; 
there is no ' adrenopause ' comparable to the 'menopause 1 . The suppression of 
the adrenal cortex by treatment with corticoids (e.g. for asthma) causes a 
dramatic decrease of the androgens and consecutively for the estrogens. The 
lack of estrogens play an important role in the induction of osteoporosis 
and other disturbances of the late postmenopause , e.g. coronary heart 
disease. Obese women show in the pre- and the perimenopause more often 
dysfunctional bleedings caused by anovulation or corpus luteum 
insufficiency. (ABSTRACT TRUNCATED AT 250 WORDS) 
Tags: Female; Human 
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10173746 PMID: 8062141 

Ovarian hormone status, life-style factors, and markers of bone 
metabolism in women aged 50 years. 

Leino A; Jarvisalo J; Impivaara O; Kaitsaari M 

Social Insurance Institution, Research and Development Unit, Turku, 
Finland. 

Calcified tissue international (UNITED STATES) Apr 1994, 54 (4) 
p262-7, ISSN 0171-967X Journal Code: 7905481 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 
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Fifty-year-old women (n = 519) attending a health examination were 
divided by their ovarian hormone status into four groups: premenopausal 
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14122759 PMID: 9819784 

Relationship between dermato -physiological changes and hormonal status in 
pre-, peri-, and postmenopausal women. 

Ohta H; Makita K; Kawashima T; Kinoshita S; Takenouchi M; Nozawa S 

Department of Obstetrics and Gynecology, School of Medicine, Keio 
University, Tokyo, Japan. 

Maturitas (IRELAND) Sep 20 1998, 30 (1) p55-62, ISSN 0378-5122 
Journal Code: 7807333 

Document type: Journal Article 

Languages : ENGLISH 
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We previously reported that hormonal changes in perimenopausal women 
are associated with dermatologic changes. In the present study, we 
evaluated such dermatologic changes by means of dermato-physiological 

testing methods in perimenopausal women with various types of hormonal 
conditions. The study group consisted of 46 consecutive women 41-70 years 
of age (mean, 54.0 years), attending a climacteric outpatient clinic for a 
healthy check-up is whom no abnormalities were recognized. The women were 
divided into four groups according to menstrual history and sex-related 
steroid hormone values: a premenopausal ' group (n = 9); a 

perimenopausal group (n = 8) ; an early menopausal group, in which 5 years 
or less had elapsed since menopause (n = 12); and a late menopausal group, 
in which 6 years or more had elapsed since menopause (n = 17) . We found 
that: (1) after menopause the sebum cutaneum content of the forehead 
decreased significantly, but that of the subocular region was unchanged; 

(2) the water content of the stratum corneum of the forehead was 
significantly higher in the late menopausal group than in the 

premenopausal group and the perimenopausal group, but there were no 
significant differences among the four groups at the other sites studied; 

(3) on psychological stimulation, sweat production was found to decrease 
significantly after menopause; (4) the skin temperature of the forehead and 
cheek fell significantly after menopause, but that of the nose, back of the 
foot, and tips of the toes, did not differ significantly among the four 
groups; (5) The perimenopausal period was associated with increased skin 
permeability and vascular responsiveness; (6) fingertip plethysmography 
revealed significant decreases in peripheral circulatory function in the 

perimenopausal group and the late menopausal group. 
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USA. 

Journal of women's health / the official publication of the Society for 
the Advancement of Women's Health Research (UNITED STATES) Oct 1997, 6 
(5) p553-8, ISSN 1059-7115 Journal Code: 9208978 
Contract/Grant No.: R01-2R01HL2 82 66; HL; NHLBI 
Document type: Journal Article 

* Languages: ENGLISH 

Main Citation Owner: NLM 
Record type: Completed 

• Subfile: INDEX MEDICUS 

We designed a prospective observational trial to study the relationship 
of thyroid function to cholesterol and weight changes at menopause. 
Subjects were participants in the ongoing Healthy Women Study, a 
prospective study of cardiovascular risk factor change through menopause. 
Healthy premenopausal women were recruited from a random sample of 
licensed drivers in selected ZIP codes of Allegheny County, Pennsylvania. 
Participants had to be 42-50' years of age, have menstruated within the last 
3 months, not have had surgical menopause, have diastolic blood pressure < 
100 mm Hg, and not be taking medications (including insulin, estrogen, 
lipid-lowering drugs, or thyroid or antihypertensive medications) at the 
baseline examination. The substudy included three groups of women who were 

premenopausal at baseline and were categorized according to change noted 
at follow-up regarding menopausal status and use of hormone replacement 
therapy (HRT) . The groups comprised 95 women who remained premenopausal , 
96 postmenopausal women not on HRT, and 61 postmenopausal women using 
HRT. The main outcome measures were baseline and follow-up measurements 

for serum levels of thyroid-stimulating hormone (TSH) , thyroid 
peroxidase, and thyroglobulin, as well as serum cholesterol, total 
high-density lipoprotein (HDL) cholesterol, triglycerides, and calculated 
low-density lipoprotein (LDL) cholesterol, height, and weight. Covariates 
included cigarette smoking and alcohol intake. The prevalence of thyroid 

antibodies in this healthy population was high at both time points (range 
27%-31%) and did not differ by menopausal status. The presence of thyroid 

antibodies was associated with increased TSH concentration. Women with 

antibodies at both time points had lower levels of total and LDL 
cholesterol compared with those with no antibodies , significant only for 
ku.^n.^MQman .who remained premenopausal during the follow-up period. 
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OBJECTIVE: To describe the health symptoms of a large representative 
sample of British women at age 47 years, and to examine the influence of 
-the menopause allowing for social factors and health in earlier adult life. 
DESIGN: A national prospective birth cohort study. Information on health 
problems, menstrual cycle, use of hormone replacement therapy and life 
stress at 47 years was collected using a postal questionnaire. Information 
on health, smoking behaviour and educational attainment earlier in life had 
been collected at previous home visits. SETTING: England, Scotland and 
Wales. POPULATION: A general population sample of 1498 women, 84% of those 
sent a questionnaire. MAIN OUTCOME MEASURE : Twenty self-reported health 
symptoms over the previous 12 months. RESULTS: Women who had experienced an 
early natural menopause had a strongly raised risk of vasomotor symptoms 
(hot flushes or night sweats), sexual difficulties (vaginal dryness or 
difficulties with intercourse) and trouble sleeping. However, there was 
little or no excess risk of other somatic or psychological symptoms. In 
contrast, all types of symptoms were more common among women who had had a 
hysterectomy or were users of hormone replacement therapy. Women with the 
least education, stressful lives, or a previous history of poor physical 
and psychological health at age 36 also reported more symptoms at 47 years 
compared with other women, but adjustment for these factors in a logistic 
regression model did not affect the relations between symptoms and current 
menopausal status. For vasomotor symptoms, postmenopausal women had an 
adjusted odds ratio of 4.7 (95% CI 2.6-8.5) and perimenopausal women had 
an adjusted odds ratio of 2 . 6 (95% CI 1.9-3.5) compared with premenopausal 
women. Corresponding adjusted odds ratios for sexual difficulties were 3.9 
(95% CI 2.1-7.1) and 2.2 (95% CI 1.4-3.2), and for trouble sleeping were 
3.4 (95% CI 1.9-6.2) and 1.5 (95% CI 1.1-2.0). CONCLUSIONS: Specific 
symptoms were clearly associated with the natural menopause. More general 
health concerns were common among women in middle life, particularly among 
those with stressful lives, or those who had had a hysterectomy or started 
taking hormone replacement therapy before they were postmenopausal . 
Appropriate advice and support needs to be easily accessible. 
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To assess the relationships between bone mineral density (BMD) at the 
lumbar spine and femoral neck and menopausal status, age, physical 
variables, and lifestyle and gynecological factors. BMD and 
follicle-stimulating hormone ( FSH) , estradiol and inhibin levels were 

measured in 167 women born in Australia, aged 4 6-57 years, who had no 
record of receiving hormone replacement therapy. Using the premenopausal 

group as a baseline, the FSH level was higher in peri- and postmenopausal 
-subjects (p < 0.0005), and estradiol and inhibin levels in the 

postmenopausal women were lower (p < 0.0005). Mean (+/- SE) lumbar spine 
and femoral neck BMD were 15 +/- 3% and 10 +/- 3% lower, respectively, in 

postmenopausal than in premenopausal women. Lumbar spine BMD decreased 
with increasing age in perimenopausal women only (p < 0.005), and femoral 
neck BMD decreased with increasing age in the pre-, peri- (p < 0.05) and 

postmenopausal women. The difference between femoral neck BMD in the pre- 
and postmenopausal women was explained by the difference in age between 
these groups, whereas for lumbar spine BMD the menopausal status was an 
additional determining factor. There was a negative effect of smoking on 
femoral neck BMD (p < 0.05) in postmenopausal women. In the 

perimenopausal decade the femoral neck BMD is primarily dependent on age, 
whereas lumbar spine BMD is dependent on both age and menopausal status. 
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Melatonin, the hormone of the pineal gland, which in animal studies has 
been found to inhibit aging processes, is secreted in smaller amounts 
towards senescence. Menopause, an aging process in women, is known to be 
associated with typical changes in gonadotropin and sex steroid 
secretion. Our main objective was to study the possible role of melatonin 
in the hormonal regulation of menopause. This study focused on detailed 
changes in melatonin and follicle-stimulating hormone (FSH) secretion 
cross-sectionally in pre- to postmenopausal females. Special attention 
was paid to females aged around 50 years, which is the mean menopausal age. 
Seventy-seven healthy female volunteers aged 30-75 years were the subjects 
of this study. Melatonin was measured radioimmunologically from nocturnal 
urine collected between 20.00 and 08.00 h, and FSH and melatonin from blood 
samples taken at 0.900 h. Nocturnal urinary excretion of melatonin was 
found to decline significantly from premenopause to postmenopause . The 
youngest premenopausal women (age group 30-39 years) excreted the highest 



amounts of melatonin .(21.2 +/- 2.2 pmol/h, mean +/- SEM, N = 17). In the 
age group 40-44 years the excretion declined by 41% (p < 0.05). The second 
significant decline (35%, p < 0.05) took place between the age groups 50-54 
years and 55-59 years. A declining trend as a function of age was also seen 
in morning serum melatonin. Serum FSH rose sharply to high levels before 
the age of 50 (p < 0.01) and remained at a high level thereafter. Urinary 
melatonin correlated negatively with serum FSH (r = -0.32, p < 0.05). In 
conclusion, the inverse changes in melatonin and FSH secretion during the 
perimenopausal years, with the sharpest decline in nocturnal excretion of 
melatonin far before menopause, suggest that melatonin may be permissively 
linked to the initiation of menopause. 
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We measured lunbar spine and femoral neck bone mineral density (BMD) ; 
urine markers of bone resorption; serum markers of bone formation; and 
serum gonadotrophin, estradiol and inhibin concentrations in a 
population-based cohort of 281 women aged 45-57 yr. Women were classified 
into pre-, peri-, and postmenopausal groups, depending on menstrual 
bleeding patterns. Compared with premenopausal women, BMD was lower only 
in postmenopausal women but not in women currently using hormone 

replacement therapy (HRT) . BMD decreased with age in the perimenopausal 

group. Compared with premenopausal women, perimenopausal women had 20% 
greater urine N-telopeptide excretion (P < 0.05) and a doubling of 
gonadotrophin levels (P < 0.01), whereas serum estradiol and bone formation 
marker concentrations were no different. Postmenopausal Women had greater 
levels of bone turnover markers (P < 0.0001), except free deoxypyridinoline 
and type I procollagen propeptide. Among postmenopausal women, bone 
resorption markers were lower in those using HRT. Levels of nearly all bone 
turnover markers were positively related to serum FSH concentrations (P < 
0,0001). Overall, the major independent predictors of BMD were age, urine 
N-telopeptide, serum bone alkaline phosphatase, and serum, FSH, whereas 
urine free deoxypyridinoline was positively related to BMD in pre- and 

perimenopausal women. In conclusion, the perimenopause is associated 
with elevated bone resorption rates and declining BMD, and factors in 
addition to estrogen deficiency may also contribute to the pathogenesis of 

postmenopausal osteoporosis. 
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As midwives increasingly provide care to women throughout the lifecycle, 
they need to become familiar with a variety of treatments for 
perimenopausal and postmenopausal problems and preventive measures 
for the potentially disabling conditions that can accompany aging. This 
article reviews various regimens of hormone replacement therapy. It 
discusses types of estrogen and progestin, appropriate dosages, routes of 
administration, and duration of therapy. It offers guidelines for 
initiation, contraindications, and required follow-up. It addresses the 
management of side effects and problems. The article briefly reviews a 
variety of complementary and alternative therapies including various 
self-help measures , such as nutrition and exercise, and selected herbal 
treatments. Part 1 of this article, which appeared in the January/February 
1996 issue of JNM, reviewed the literature on recommended therapeutic and 
preventive indications for hormone replacement therapy, providing 
guidelines for the provision of informed consent. (109 Refs.) 
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Medical therapy for women in the perimenopausal period is 
controversial, in part due to varying degrees of ovarian hormone 
secretion characteristic of this time of life. To extend our understanding 
of the reproductive endocrine milieu of perimenopausal women, we studied 
6 cycling women, aged 47 yr and older, for 6 months with daily collections 
of first morning voided urine. Five additional older reproductive aged 
(43-47 yr old) women were studied with daily urine and serum sampling for a 
single menstrual cycle; their urinary hormone data were combined with the 
former group for menstrual cycle comparisons. Urine was assayed for LH, 
FSH, estrone conjugates, and pregnanediol glucuronide and normalized for 
creatinine (Cr) . Eleven midreproductive aged (19-38 yr old) normally 
cycling women, 5 women with well defined premature ovarian failure, and 5 
women aged 54 yr and older who were at least 1 yr postmenopausal were 
used for comparison. Perimenopausal women had shorter follicular phases 
(11 +/- 2 days vs. 14 +/- 1 days; P = 0.031) and, hence, shorter menstrual 
cycles than midreproductive aged controls . FSH excretion in perimenopausal 
women was greater than that in younger women (range of means, 4-32 vs 3-7 
IU/g Cr; P - 0.0005). LH secretion was overall greater than that in younger 
normal subjects (range of means, 1.4-6.8 vs. 1.1-4.2 IU/g Cr; P < 0.026). 
Overall mean estrone conjugate excretion was greater in the perimenopausal 
women compared to that in the younger women [76.9 ng/mg Cr (range, 
13.1-135) vs. 40.7 ng/mg Cr (range, 22.8-60.3); P - 0.023] and was 
similarly elevated in both follicular and luteal phases. Luteal phase 
pregnanediol excretion was diminished in the perimenopausal women 
compared to that in younger normal subjects (range for integrated 
pregnanediol, 1.0-8.4 vs. 1.6-12.7 microg/mg Cr/luteal phase; P = 0.015). 
Compared to postmenopausal women, perimenopausal women had more overall 
estrone excretion (2.5-6.2 ng/mg Cr in postmenopausal women; P = 0.02) 
and lower mean FSH (range of means for postmenopause , 24-85 IU/g Cr; P = 
0.017) and LH (range for postmenopause , 4.3-14.8 IU/g Cr; P = 0.041). 
Compared to women with premature menopause, perimenopausal women again 
had lower FSH (range of means for premature menopause, 36-82 IU/g Cr; P = 
0.0022), lower LH (range of means for premature menopause, 5.5-23.8 IU/g 
Cr; P = 0.0092), borderline higher mean estrone conjugates (range of means 
for premature menopause, 4-44 ng/mg Cr; P = 0.064), and far longer periods 
of ovarian activity (one to two cycles in prematurely menopausal women vs. 
three to six cycles in perimenopausal women) . We conclude that altered 
ovarian function in the perimenopause can be observed as early as age 43 
yr and include hyperestrogenism, hypergonadotropism, and decreased luteal 
phase progesterone excretion. These hormonal alterations may well be 
responsible for the increased gynecological morbidity that characterizes 
this period of life. 
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From a longitudinal prospective study, 160 women with spontaneous 
menopause and without steroid medication were followed during the 
transition from pre- to postmenopause - After 12 years 152 women were 
still participating in the study. Blood samples were drawn every 6 months 
until 1 year after the menopause and every 12 months thereafter. 

Measurements of bone mineral density (BMD) on the forearm were performed 
every second year. All women routinely completed a questionnaire concerning 
symptoms frequently attributed to the climacteric period. All data were 
grouped around the onset of the menopause, thereby allowing longitudinal 
evaluation of the changes in the variables from the premenopausal to the 
postmenopausal period. The beginning of the perimenopausal period was 
characterized by transitory elevations of follicle-stimulating hormone 
(FSH). A significant increase in serum levels of gonadotropins was 
observed for both FSH and luteinizing hormone (LH) from about 5 years 
before the menopause. Within the 6 month period around the menopause there 
was a further increase which culminated within the first postmenopausal 
year for LH and 2-3 years postmenopause for FSH. Thereafter, a 
continuous decrease in LH occurred over the following 8 years. With respect 
to FSH, there was a slight decline starting about 4 years postmenopause . 
During the premenopausal period an increasing frequency of inadequate 
luteal function or anovulation occurred and, in the postmenopausal years, 
the serum levels of progesterone (P) were invariably low. Gradually, the 
ratio between estrone (El) and 17-beta-estradiol (E2) increased, reflecting 
the declining follicular steroidogenesis. A marked decrease in estrogen 
levels occurred during the 6 month period around the menopause, most 
pronounced in E2 . During the next 3 years, the levels of E2 and El showed 
an essentially parallel, moderate decline. Around the menopause, serum 
levels of testosterone (T) , delta 4-andros tenedione (A) and sex hormone 
-binding globulin (SHBG) showed small but significant decreases. From about 
3 years postmenopause , the levels were relatively constant over the 
following 5 years. A decrease in BMD was observed in the postmenopause , 
and from about 3 years postmenopause , estradiol correlated positively 
with BMD. Before, as well as after the menopause, body mass index (BMI) 
showed an inverse correlation with SHBG. Postmenopausal andros tenedione 
correlated positively with El, E2 and T. BMI correlated positively with El 
and E2 . The concentrations of the free fraction of E2 and T are dependent 
on the levels of SHBG, which in turn has a negative correlation with BMI. 
The impact of this will influence the severity of symptoms, the degree of 
bone loss and the need for supplementary therapy. 
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OBJECTIVE: To investigate prospectively changes in weight, skin-fold 
measurements , waist circumference and waist/hip ratio in relation to 
changes in menopausal status, hormone therapy use and life-style factors. 
METHOD: The study was a 5-year follow-up of volunteers from a 
population-based cohort of Australian-born women aged 46-57 years at 
baseline: 106 premenopausal , 106 perimenopausal and 21 hormone 
therapy users. RESULTS: Mean (SD) weight gain of the entire cohort over 5 
years was 2.1 (5.1) kg. Baseline age was negatively associated with weight 
change (regression coefficient = -0.4, SE 0.1, p < 0.05). After 5 years, 20 
women remained premenopausal , 8 0 were perimenopausal , 112 had become 
naturally postmenopausal and 21 remained on hormone therapy. Changes in 
weight were greater than zero (p < 0.05) in all groups except for the women 
who remained on hormone therapy. There was no significant difference in 
weight gain between women who remained premenopausal and those who had a 
natural menopause. Increases in suprailiac skin-fold measurements (p < 
0.05) and in waist circumference and waist/hip ratio occurred in women who 
experienced the menopausal transition but not in those who took hormone 
therapy continuously. There was no association between weight change and 
baseline weight, exercise, alcohol intake or smoking. CONCLUSION: Weight 
gain was not related to change in menopausal status nor to any life-style 
factors measured . Women who were older at baseline gained less weight 
than the younger members . Sup railiac skin— fold measurements , waist 
circumference and waist/hip ratio all increased during the menopausal 
transition. Continuous hormone therapy users showed no gain in mean 
weight, suprailiac skin-fold measurements or waist measurements over 
the follow-up period. 
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Test carried out in 96 women aged between 43 to 55 years (50.46 +/- 
4.7) , who did not take any drugs during the last 3 months. The women were 
divided into two groups : premenopausal and early postmenopausal . Each 
v group was subdivided according to blood pressure: with normal pressure and 
with arterial hypertension. The concentration of T4, T3 and TSH were 
measured using a radioimmunologic method. The saturation of carrier 
proteins was established with the T3/ test , the result of which was used 
to divide T4 and T3 and to obtain FT4I and FT3I respectively. It was found 
that women with arterial hypertension have significantly higher (p < 0.001) 
TSH concentration. The concentration T3 and FT3I were significantly higher 
(p < 0.01) in women with arterial hypertension in the postmenopausal 
period. 
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Menopausal status and cut off levels of steroid receptor ligand binding 
assays in breast cancer. 
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494 tubuloductal breast carcinomas obtained at operation were assayed 
for ER and PgR with short-term ligand incubation and isoelectric focusing. 
Plasma FSH and E2 concentrations available from 156 of the patients showed 
strictly premenopausal endocrine conditions in patients 45 years or 
younger; strictly postmenopausal conditions were found at 55 years or 
older. ER concentrations were significantly lower in biopsies from 

premenopausal compared with those from postmenopausal patients. ER 
concentrations assayed in intervening perimenopausal age period were 
not statistically different from the premenopausal period. An arbitrarily 
chosen cut off level to differentiate receptor low from receptor high 
tumours divided premenopausal assays into two equal parts; those from 

postmenopausal patients were cut at the second lower percentile. 
Arbitrary cut off levels ignorant of menopausal status should be replaced 
by fractionation of low and high receptor tumours on a percentile or 
quartile basis. Clinically, subgroups or subpopulations of patients should 
be identified with regard to endocrine and/or receptor status and evaluated 
separately. 
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Ovarian function was assessed by measuring plasma gonadotrophins , 
urinary oestrogen and urinary pregnanediol levels, every week for four 
weeks, in 34 women, aged 45 to 57 years, after withdrawal of oral 
contraceptive therapy. A rise in urinary pregnanediol excretion occurred in 
14 patients suggesting that ovulation had occurred and that these patients 
were " premenopausal " . Elevated serum gonadotrophin values and 
persistently low urinary oestrogen and pregnanediol excretion occurred in 
13 patients suggesting ovarian failure or a " postmenopausal " state. 
However, one apparently " postmenopausal " patient later showed hormonal 
evidence of ovulation, indicating fluctuation in ovarian function. There 
were 7 patients with "indeterminate" hormone profiles whose ovarian 
function was difficult to assess. All patients excreting more than 45 nmol 
of oestrogen a day had a spontaneous period within 45 days of stopping 
hormone therapy. 
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, perimenopausal , postmenopausal without ovarian hormone replacement 
therapy (HRT), and postmenopausal with HRT. Information on lifestyle 
factors was obtained with interviews and questionnaires. Bone mineral 
density at the calcaneus was assessed with single-photon absorptiometry, 
and several serum and urine markers of bone metabolism were measured . 
Postmenopausal women without HRT had significantly higher levels of 

"fasting serum alkaline phosphatase, osteocalcin, total and ionized calcium, 
phosphate, and fasting urinary hydroxyproline than those in the three other 
study groups. No difference was found in bone mineral density between the 

- premenopausal and postmenopausal groups. Postmenopausal women without 
HRT showed a marked correlation between serum osteocalcin and urine 
hydroxyproline. Both markers showed significant correlations with serum 
calcium, phosphate, and alkaline phosphatase. Multivariate analyses showed 
a statistically significant association of ovarian hormone status and 
body mass index with most measured markers of bone metabolism. The 
association between alcohol consumption and serum osteocalcin was highly 
significant. Cigarette smoking was associated with levels of serum alkaline 
phosphatase and total and ionized calcium. A weak association was found 
between coffee drinking and serum alkaline phosphatase. 
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This study aims to assess the relationship between self-rated and 
menstrually defined menopausal status, assesses criteria women use in 
perceiving their own menopausal status and compares symptom reporting and 
hormonal levels for self-rated and menstrually defined menopausal status. 
Women in the third year of the longitudinal phase of the Melbourne Women's 
Midlife Health Project (n = 332) were asked to assess their own menopausal 
status and the basis for this assessment. They were also specifically 
questioned on current menstrual cycle characteristics and levels of 
follicle-stimulating hormone (FSH) , estradiol and inhibin were measured 
For 67% of the women, the two definitions of menopausal status were in 
agreement. In women menstrually defined as premenopausal , self-rated 
menopausal status of peri- or postmenopausal appeared to be based on the 
occurrence of symptoms. In women menstrually defined as postmenopausal , 
persistence of hot flushes was taken to mean that 1 the menopause was still 
in progress' despite absence of menses for more than 12 months. In women 
menstrually defined as perimenopausal yet who self-rated as 
premenopausal , FSH was lower (p < 0.01) and inhibin higher (p = 0.05) 
than women who self-rated as peri- or postmenopausal . Women's perceptions 
of the menopause are based on symptoms. Self-rated menopausal status 
appears to relate more closely to a women's endocrine status than 
definitions based on purely menstrual cycle characteristics. 
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. . .ABSTRACT between states of an analyte that can exist in different forms, 
such as follicle stimulating hormone ( FSH ) . The method or test device 
uses two contemporaneous assays, the first of which does not... 

...second of which does, and the assay results are compared. A novel pair 
of anti- FSH monoclonal antibodies that can be used together in a 
sandwich-format assay to differentiate pre-menopausal and pos t-menopausal 
FSH samples is disclosed. 
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. .ABSTRACT between states of an analyte that can exist in different forms, 
such as follicle stimulating hormone ( FSH ) . The method or test device 
uses a pair of specific binding agents , especially monoclonal antibodies 
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Claims 
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Detailed Description 

the diagnosis of androgen decline in males now commonly referred to as 
andropause or male menopause , In particular, the present invention 
relates to a diagnostic method, device and test kit for indicadilg 
andropausal status and/or reduced gonadal function iii males. 

Background. . . 

...40, and the incidence increases with each decade of life. Associated 
with declines in androgenic hormone production are declines in male 
gonadal function which tend to develop very gradually over many. . . 

...which a decline in ovarian function results in a corresponding decline 
in the levels of estrogen . 

In both andropause and female menopause the decline in biologically 
active levels of the sex hormones causes the clinical signs and 
symptoms associated with these two conditions. The declining levels of 
gonadal hormones are a direct result of a progressive reduction of 
gonadal function leading to a decrease in the production and secretion of 
the sex hormones . In men declining testicular function associated with 
andropause lowers the levels of androgens (i,e... 
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Summary of the Invention: 

. . .the diagnosis of androgen decline in males now commonly referred to 
as andropause or male menopause . In particular, the present invention 
relates to a diagnostic method, device and test kit for indicating 
andropausal status and/or reduced gonadal function in males... 

...to as male menopause, is defined as a progressive decline in the 

production of androgenic hormones which commonly occurs in ageing adult 
males. The age of onset of andropause is very... 40, and the incidence 
increases with each decade of life. Associated with declines in 
androgenic hormone production are declines in male gonadal function 
which tend to develop very gradually over many. . . 

. . .which a decline in ovarian function results in a corresponding decline 
in the levels of estrogen . 
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concentration of activin-AB were between 1.3% and 2.67%. The between-plate 
coefficient of variation was 5.5%. Cross-reactivity experiments showed the 
high specificity of the assay for activin-AB, with inhibin-A, inhibin-B, 
follistatin, activin-A and activin-B all cross-reacting < 0.2%. Incubation 
with high concentrations of follistatin (500 ng/ml) prior to assay did not 
affect the recovery of activin-AB. Samples of bovine, porcine, ovine and 

* human FF gave dose responses parallel to that of the standard, as did 
bovine granulosa cell-conditioned media. In human and porcine FF, levels of 
activin-A and activin-AB were similar whereas, in bovine and ovine FF, 

. activin-A levels were approximately threefold higher than activin-A, nearly 
all of the endogenous activin-AB in bovine FF was detected in the eluate 
from gel permeation chromatography with an M(r) of > 700000 indicating its 
association with higher molecular weight binding protein (s). By contrast, 
after denaturation, immunoreactive activin-AB was detected with an M(r) of 
approximately 25000 consistent with the complete dissociation from binding 
proteins. Activin-A was detected in relatively high concentrations in human 
FF (approximately 5 ng/ml), homogenized placental extracts (4.35-95.5 
ng/g) , sera from pregnant women (> 4 ng/ml) and amniotic fluid (3-13 
ng/ml), and in much lower concentrations in postmenopausal serum (500 pg/ 
ml), normal cycle serum (100-200 pg/ml) , serum from gonadotrophin-treated 
women (200 pg/ml), and normal adult male serum (225 pg/ml). Activin-A was 
also found in the culture media from explants of human amnion, chorion, 
maternal decidua and placenta. In marked contrast, activin-AB was 
undetectable (< 0.19 ng/ml) in all of these samples with the exception of 
human FF (approximately 7 ng/ml) . In conclusion, we have developed a 
sensitive and specific ELISA to measure total (bound+f ree) activin-AB. 
Preliminary results show a more restricted distribution of this isoform 
compared with activin-A. The presence of high levels of both activin-A and 
activin-AB in FF suggests a function for both isoforms in the developing 
ovarian follicle. 
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The literature abounds with reports showing discrepancies in immunoassays 
of proteins and peptides. Whereas the isomorphism and polymorphism of 
proteins remains largely hidden in immunoassays making use of polyclonal 
antibodies, the use of monoclonal antibodies uncovered the difficulty of 
accurately assaying microheterogeneous analytes. Indeed, most proteic 



hormones are not entities with unique structures but rather mixtures of 
molecular forms with slight differences in structure which may reflect 
large variations in biological and immunological activities; the monoclonal 
antibodies appeared clearly less suited than the polyclonal for testing a 
mixture of isoforms . Protein microheterogeneity also has an impact on 
assay standardisation, since reference preparations may contain several 

• isoforms of the analyte. Using recombinant glycoprotein does not solve 
the problem. Regarding the problem of discrepancy in immunoanalysis of 
proteins and peptides, we could establish, in a previous work, that 

.discrepancy among lutropin assay kits may be related to various causes: i) 
differences in standard preparation and calibration curves; ii) 
microheterogeneity of lutropin molecules leading to missing some isoforms 
due to the restricted epitopic specificity of the monoclonal antibodies 
used in the kits. The epitopic dissection we engaged in appeared thus 
instrumental in explaining these discrepancies. It allowed us to enumerate 
epitopes on the surface of lutropin molecules, to elucidate the 
immunological structure and, finally, to characterize monoclonal antibodies 
used in commercially available lutropin assay kits with regard to their 
epitopic specificity. This work allowed us to interpret the discrepancy in 
serum lutropin concentration which was related to the use of monoclonal 
antibody with given specificity. Epitopic dissection may thus be 
instrumental in explaining discrepancy among immunoassays of proteins and 
peptides and in improving the accuracy of kits. (19 Ref s . ) 
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Previous studies have shown wide discrepancies among the results obtained 
with different immunometric assays. We present five cases (out of 4000 
women) whose plasma luteinizing hormone was not detected using a LH 
immunometric assay (LH Stratus Baxter) but was recognized by other kits. 
These cases concerned one 28-year-old woman presenting with infertility and 
four postmenopausal women. The LH Amerlite kit gave detectable but low 
results. The results obtained with the other kits were > 7 IU/1. FSH levels 
were > 7 IU/1. In one case, sera were taken before and after the menopause; 
differences between the LH results increased. Discrepancies among LH assay 
kits have been attributed to variation both in standard curve calibration 
and in epitope specificity of the kit monoclonal antibodies. The Baxter kit 
might misrecognize some isoforms present in postmenopausal women. The 
present data illustrate the potential false results with such immunoassays 
in routine clinical laboratory testing. When undetectable LH results are 
not clinically explained or when disparities between LH and FSH are 



observed, we suggest using a second methodology or a bioassay if necessary. 
Improvement in LH assays and standardization might resolve the problem of 
discrepancies between the LH results. 
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OBJECTIVE: Chronic treatment with 17 beta-oestradiol (E2) implants has 
been found to counteract the formation of more acidic isoforms of the 
gonadotrophins in post-menopausal women. Oral medication with an oestrogen 
in combination with a progestagen is a common hormone replacement therapy 
(HRT) in post-menopausal women. The present study investigated the effect 
of such a therapy on the concentration and charge of the gonadotrophin 
isoforms in serum. DESIGN: Serum samples were obtained from 20 

post-menopausal women, mean age 60 years (range 50-72 years), treated with 
continuous daily oral medication of 2 mg E2 combined with 1 mg 
norethisterone acetate (NETA) . FSH, LH and E2 in the serum was measured 
with f luoroimmunoassays . The median charge and charge heterogeneity of the 
FSH and LH isoforms were determined for each serum by electrophoresis in 
0.1% agarose suspension. Sera from 20 post-menopausal women without a 
history of HRT served as controls. The results were compared with those 
from previous studies on post-menopausal women treated with E2 implants and 
on women with normal menstrual cycles. RESULTS: The E2 level in the oral-E2 
+ NETA treated women was 198-610 pmol/1, within the range expected during 
the mid-luteal phase of the normal menstrual cycle and similar to that of 
the group of women with an E2 implant. The mean LH level was similar to 
that of the luteal phase of the cycle and significantly lower than that of 
the controls (P < 0.001), the E2 implant group (P < 0.001) and at the 
follicular phase of the cycle (P < 0.01). The mean FSH level was similar to 
that of the follicular phase and the E2 implant group but lower than that 
of the controls (P < 0.001) and higher than at the luteal phase of the 
cycle (P < 0.01) . The mean values for median charge of both FSH and LH were 
less acidic than those of the controls (P < 0.001) but more acidic than 
those for the E2 implant group (P < 0.01; P < 0.001) and for different 
phases of the menstrual cycle (P < 0.05; P < 0.001). The mean degree of 
charge heterogeneity of FSH was larger (P < 0.01), while that of LH was 
smaller (P < 0.01), than for the controls. The mean concentrations of SHBG 
in the oral E2 + NETA group, the E2 implant group and the controls were 
similar. CONCLUSION: Chronic oral therapy with 2 mg 17 beta-oestradiol 
combined with 1 mg norethisterone in post-menopausal women efficiently 
decreased the serum gonadotrophin levels but only partly counteracted the 



formation of the more acidic isoforms of FSH and LH after menopause. The 
differences in the charge for both FSH and LH between the E2 implant and 
the oral E2 + NETA treated groups may be due to the differences in route of 
administration of E2 or to the effect of norethis terone or both. 
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Characterization of inhibin forms and their measurement by an inhibin 
alpha- subunit ELISA in serum from postmenopausal women with ovarian 
cancer . 
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The aim of this study was to characterize the molecular wt forms of 
inhibins A and B and its free alpha-subunit present in serum from women 
with ovarian cancer as a basis for developing improved monoclonal 
antibody-based inhibin assays for monitoring ovarian cancer. Three new 
inhibin alpha-subunit (alphaC) ELISAs were developed using monoclonal 
antibodies directed to three nonoverlapping peptide regions of the alphaC 
region of the inhibin alpha-subunit. To characterize serum inhibin 
molecular wt forms present in women with ovarian cancer, existing inhibin 
immunoassays (inhibin A, inhibin B, and pro-alphaC) and the new alphaC 
ELISAs were applied to sera from women with granulosa cell tumors and 
mucinous carcinomas previously fractionated using a combined immunoaf f inity 
chromatography, preparative SDS-PAGE, and electroelution procedure. The 
distribution and molecular size of dimeric inhibins and alpha-subunit 
detected were consistent with known mol wt forms of inhibins A and B and 
inhibin alpha-subunit and their precursor forms present in serum and 
follicular fluid from healthy women. The alphaC ELISAs recognized all known 
forms of inhibin and the free inhibin alpha-subunit, although differences 
between alphaC ELISAs were observed in their ability to detect high mol wt 
forms. To assess which of the alphaC ELISAs was preferred in application to 
ovarian cancer, the alphaC ELISAs were applied to serum from a range of 
normal postmenopausal women (n = 61) and postmenopausal women (n = 152) 
with ovarian (serous, mucinous, endometrioid, clear cell carcinomas, and 
granulosa cell tumors) and nonovarian (breast and colon) cancers. Despite 
differences in their ability to detect high mol wt forms of inhibin, the 
alphaC ELISAs showed similar sensitivity (i.e. proportion of cancer 
patients correctly detected) and specificity (proportion of controls 
correctly detected) indexes in the detection of mucinous carcinomas (84% 
and 95%) and granulosa cell tumors (100% and 95%) compared with earlier 
inhibin RIA or polyclonal antibody-based immunof luorometric assays. A 
combination of the alphaC ELISAs with the CA125 assay, an ovarian tumor 



marker that has a high sensitivity and specificity for other ovarian 
cancers (serous, clear cell, and endometrioid), resulted in an increase in 
sensitivity/specificity indexes (95% and 95%) for the all ovarian cancer 
group. These new monoclonal antibody-based inhibin alphaC ELISAs now 
provide practical and sensitive assays suitable for evaluation as 
diagnostic tests for monitoring ovarian cancers. 
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Concanavalin A affinity chromatography of human serum gonadotropins: 
evidence for changes of carbohydrate structure in different clinical 
conditions . 
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We have studied the carbohydrate of circulating human gonadotropins (FSH 
and LH) in different clinical conditions using Concanavalin A (Con A) 
affinity chromatography. This technique permits separation of molecules 
differing in the extent of carbohydrate branching. The proportion of 
molecules that does not bind to Con A was greater in circulating FSH than 
in LH, reflecting a higher content of multiantennary and/or bisected 
biantennary complex carbohydrate structures in serum FSH. No significant 
difference in gonadotropin binding pattern to Con A was found between 
normal controls and patients with chronic uremia or gonadotropin-secreting 
pituitary adenomas . On the contrary, sera from postmenopausal women and 
fetuses contained a greater proportion of FSH and LH that bound to Con A, 
indicating a shift from multiantennary and/or bisecting structures to 
hybrid and/or high mannose forms, i.e. to the secretion of less mature 
forms. International Reference Preparations, derived from pituitary 
extracts, were more retained on Con A than circulating hormones, suggesting 
that carbohydrate chains of the intrapituitary hormone stock are less 
mature than those present in the circulation. Less mature forms were also 
found in FSH, but not in LH, from normal controls after GnRH injection. 
Finally, a higher proportion of unbound forms, i.e. complex carbohydrate 
chains, was found in healthy subjects presenting with an immunologically 
anomalous variant of LH. In conclusion, the current data show that the 
hormonal status of the individual may differently affect carbohydrate 
branching of gonadotropins. Alteration in glycosylation is likely to be 
involved in masking at least one epitope specific for intact LH dimer, thus 
indicating that it may modulate the tertiary structure of glycoprotein 
hormones . 
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OBJECTIVE: To demonstrate if molecular heterogeneity of gonadotropins 
correlates with the type of primary gonadal failure. DESIGN AND METHODS: 
. Aliquots of sera from women with hypogonadism were subjected to gel 
filtration chromatography to be assayed for follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH) by the use of radioimmunoassay. 
Molecular weight (MW) of isoforms was calculated on a calibration curve 
obtained with molecular markers. The molecular variants were characterized 
on the basis of elution volume, MW, and partition coefficient. RESULTS: 
Chromatographic profile of sera from four women with natural menopause 
exhibited two FSH peaks of immunoreactivity and a heavier LH isoform . 
This pattern was different from that obtained in sera from women of 
reproductive age who presented a single peak that eluted after the 
corresponding standard. In six cases of idiopathic premature menopause and 
three more with gonadotropin-resis tant ovary, the chromatographic profile 
showed a marked and remarkable molecular heterogeneity, particularly LH, 
and this was more apparent in women with resistant ovary. CONCLUSIONS: Our 
investigation confirms the relationship between the gonadotropin 
heterogeneity with the gonadal failure. The duration of the ovarian failure 
may influence the molecular proportion of gonadotropins and the 
predominance of heavier MW isohormones . 

Tags: Comparative Study; Female; Human; Support, Non-U. S. Gov't 

Descriptors: Follicle Stimulating Hormone — blood — BL; ^Luteinizing 
Hormone — blood — BL; * Menopause — blood — BL; ^Ovarian Failure, Premature 
--blood--BL; Adult; Chromatography, Gel; Isomerism; Middle Aged; Molecular 
Weight; Radioimmunoassay 

CAS Registry No. : 9002-67-9 (Luteinizing Hormone) ; 9002-68-0 (Follicle 
Stimulating Hormone) 

Record Date Created: 19920811 

Record Date Completed: 19920811 



8/9/33 

DIALOG (R) File 155 : MEDLINE ( R) 

(c) format only 2004 The Dialog Corp. All rts . reserv. 

14002589 PMID: 9701785 

Glycoform composition of serum gonadotrophins through the n 
menstrual cycle and in the g^€^^^^^^al^7ta^be^ 

Anobile C J; Talbot J A; McCann S J; Padmanabhan V; Robertson W R 
University of Manchester, Department of Medicine, Hope Hospital, Salford, 
UK. 
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The heterogeneity of follicle stimulating hormone (FSH) and luteinizing 
hormone (LH) was investigated in five women aged 29.4 +/- 3.2 years (mean 
+/- SD) throughout their menstrual cycles and in five pos t-menopausal women 
«3ged 53.8 +/- 5.6 years. Chromatof ocusing (pH range 7-4) revealed menstruaT" 
cycle stage- and postmenopausal -related differences in the serum 
gon adotrophin charge. There were differences in the proportion of FSH witfi" 
an isoelectric point (pi) > 4.3 across phases of the menstrual cycle (P = 
0.019): midcycle (MC) 50%; early to mid- follicular (EMF) 36%; late 
follicular (LF) 37%, luteal (L) 29% and following the menopause (PM) 17%. 
There was no significant difference in the proportion of LH with pi > 6.55 
between midcycle (53%) and EMF, LF or L phases (36, 43 and 32% 
respectively) ; although all were greater than that found in the menopause 
(13%). Concanavalin A chromatography revealed less (P < 0.005) complex FSH 
and LH glycoforms at midcycle (63 and 13%) than in the EMF, LF and L 
phases (90 and 18; 90 and 20 and 93 and 24% respectively). Menopausal 




were least complex (FSH 34%, LH 4%) . There was a direct 
relationship between serum FSH and FSH pl/complexity, and less acidic FSH 
was associated with reduced FSH complexity. Increased oestradiol was 
associated with basic FSH isoforms during the menstrual cycle and reduced 
follicular phase FSH complexity. We conclude that changes in gonadotrophin 
glycoforms occur through the menstrual cycle which are related to changes 
in the prevailing steroid environment. Following the menopause oestrogenic 
loss resulted in acidic, relatively simple glycoforms . 
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A great deal of new information has arisen in the past 2 years concerning 
the physiology of inhibins and their clinical relevance in reproductive 
medicine. It is now recognized that the two inhibin isoforms , inhibin A 
and inhibin B, are produced by the gonads in the course of gamete 
maturation and have different patterns of secretion during the menstrual 
cycle. Inhibins are also produced by the placenta and fetal membranes and 
may be involved in physiological adaptation of pregnancy. Clinically, 
inhibins may serve as sensitive tumor markers in postmenopausal women, or 
as useful tools for evaluating ovarian reserve in infertile women; they may 
also be used in the diagnosis of materno-f etal disorders. (53 Ref s . ) 
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Low levels of serum inhibin A and inhibin B in women with 
hypergonadotropic amenorrhea and evidence of high levels of activin A in 
women with hypothalamic amenorrhea. 
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OBJECTIVE: To examine serum levels of inhibin A, inhibin B, and activin A 
in women with secondary hypergonadotropic or hypothalamic amenorrhea. 
. DESIGN: Retrospective study. SETTING: Universities of Udine, Pisa, and 
Modena in Italy, and of Wien in Austria. PATIENT ( S ) : Forty women with 
idiopathic premature ovarian failure (POF) , 23 women with hypogonadotropic 
hypothalamic amenorrhea, 40 healthy postmenopausal women, and 4 0 
age-matched women with normal ovarian function (controls). INTERVENTION ( S ) : 
Blood samples were collected between 8 and 9 AM. MAIN OUTCOME MEASURE (S) : 
Serum levels of inhibin A, inhibin B, and activin A. RESULT(S): Women with 
POF had lower concentrations of serum inhibin A and inhibin B than women 
with hypothalamic amenorrhea and fertile controls, and the difference 
between these concentrations was statistically significant. Levels of 
inhibin A and inhibin B were low in postmenopausal women and were no 
different than in women with POF. Serum levels of activin A were not 
significantly different among women with POF, fertile controls, and 
postmenopausal women. Women with hypogonadotropic hypothalamic amenorrhea 
had higher activin A values than did controls. No significant correlation 
was found between the level of inhibin A or inhibin B and the length of 
amenorrhea or the level of FSH. CONCLUSION ( S ) : Low levels of circulating 
inhibins A and B, but not activin A, reflect ovarian failure in women with 
POF, whereas women with hypogonadotropic hypothalamic amenorrhea have 
normal levels of inhibins A and B and high levels of activin A. 
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Development, validation and application of an ultra-sensitive two-site 
enzyme immunoassay for human follistatin. 
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Recent studies have found follistatin to be an important regulator of 
activin bioactivity. Whilst a number of assay formats have been described, 
all are of limited sensitivity and require the use of isotopes. Many use 
polyclonal antibodies. Furthermore, a wide range of follistatin 
preparations have been used as standards, complicating inter-laboratory 
comparison. We now describe an ultra-sensitive two-site enzyme immunoassay 
using a pair of mouse monoclonal antibodies raised against follistatin 288. 
The presence of sodium deoxycholate and Tween 20 in the diluent gave 



results for total (free and activin-dissociated) follistatin. The assay had 
a detection limit of <19 pg/ml and recovery of spiked follistatin 288 from 
amniotic fluid, serum seminal plasma, human follicular fluid and granulosa 
cell conditioned medium averaged 100.7 +/- 7.5%, 89.1 +/- 5.5%, 98 +/- 
4.9%, 96 +/- 7.2% and 123.9 +/- 11% respectively. The intra- and interplate 
coefficients of variation were < 5%. An excess of activin-A (50 ng/ml) 
, prior to assay did not affect follistatin recovery. Inhibin-A, inhibin-B, 
activin-A, activin-B and activin-AB had minimal cross-reactivity (<0.3%). 
However, follistatin 315 had a significant cross-reaction (9.9%). Serially 
diluted human samples gave dose-response curves parallel to the standard. 
Pooled human follicular fluid contained high concentrations of follistatin 
(approximately 242 ng/ml) . Follistatin was also found in maternal serum 
during pregnancy (first trimester approximately 0.8 ng/ml, third trimester 
approximately 2.8 ng/ml), normal male serum (approximately 0.45 ng/ml), 
amniotic fluid (sixteen week approximately 3.63 ng/ml, term approximately 
0.89 ng/ml), seminal plasma (2.4-30 ng/ml) and human granulosa cell 
conditioned media (approximately 0.44 ng/ml). Serial serum samples taken 
throughout the menstrual cycle of ten women showed fluctuating follistatin 
concentrations (approximately 0.62 ng/ml) with no apparent relationship to 
the stage of the cycle. Interestingly, pooled serum from postmenopausal 
women appeared to have higher follistatin levels than any of the normal 
women (approximately 1.4 ng/ml). The possible presence in certain samples 
of mixtures of follistatin isoforms with different immunoreactivities 
poses major problems of interpretation in this and all other current 
follistatin immunoassays. Further work is needed to identify the major 
immunoreactive forms in different tissues and fluids. Nevertheless, the new 
assay has a number of advantages over previous assays and should prove a 
useful tool for various clinical and physiological studies. 
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Monoclonal antibodies, specific for the beta A and beta B subunits of 
activin, were used to develop a new two-site ELISA for activin-AB. The 
assay had a detection limit of 0.19 ng/ml. High concentrations of 
activin-AB were found in bovine, ovine and porcine follicular fluids (FF), 
with less in human FF (1310, 1730, 688 and 7 ng/ml respectively) . Recovery 
of spiked activin-AB standard from human, bovine and ovine FFs and from 
homogenized human placental extracts averaged 91%, 115%, 115% and 94% 
respectively. Within-plate coefficients of variation for different 
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17 beta-oestradiol counteracts the formation of the more acidic isoforms 
of follicle-stimulating hormone and luteinizing hormone after menopause. 
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OBJECTIVE: When the gonadotrophin levels increase at midcycle, more basic 
isoforms of FSH and LH appear in the circulation. However, when these 
gonadotrophins increase at menopause more acidic forms appear. The present 
study was done to see whether chronic 17 beta-oestradiol (E2) 
administration to post-menopausal women could counteract the formation of 
the more acidic isoforms after the menopause. DESIGN: Serum samples were 
obtained from 16 post-menopausal women, mean age 70 years (range 63-84 
\^ears), 46-169 days after the subcutaneous insertion of.^^O^m.g^^g^^implant . 
FSH, LH and E2 in the sera were measured with (Suo r o immunoa^^ . The 
median charge and the degree _o f_^Jxaxgjg^he^ro and LH 

isoforms were determined for each serum k>y " e I e c tr op h or e s i s in 0.1% 
agarose suspension. Sera from an age-matched control group were analysed in 
^-^arallel. RESULTS: The E2 levels in the E2-treated women were 230-570 
pmol/1, within the range expected during the mid-luteal phase of the normal 
menstrual cycle. The mean serum FSH and LH levels were similar to normal 
follicular phase FSH and LH levels (8.6 and 20.8% respectively of the 
control group) . It was estimated that individual serum specimens from both 
groups contained 20-30 different isoforms for both FSH and LH. The median 
charges of the isoforms of FSH and LH were more basic in all the 
E2-treated subjects than in' their corresponding untreated controls. The 
mean median charge for FSH was close to the values for the follicular and 
luteal phases and that for LH close to that for the luteal phase. In some 
E2-treated women the isoforms were even more basic with a charge similar 
to that at the midcycle peak. The degree of charge heterogeneity for the 
E2-treated group was significantly (P < 0.001) larger than for the controls 
and similar to that during the normal menstrual cycle. CONCLUSION: Chronic 
E2 administration to post-menopausal women counteracted the formation of 
more acidic isoforms of both FSH and LH after the menopause. 
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OBJECTIVE: The ' full expression of gonadotrophin 
the gonadotrophin carbohydrate component. 

isoforms present in the follicular phase (FPS) and in the 
PMS) since the endocrine status may influence the structure of 
oligosaccharides. SUBJECTS: Ten healthy post-menopausal women 
(age range 53-68) not receiving any hormonal treatment and 10 healthy women 
(age range 20-28) in the follicular phase of their menstrual cycle were 
studied. MEASUREMENTS: Bio and immuno FSH-activities (Sertoli cell 
aromatase induction assay and RIA, respectively) were determined in 
separated isoforms after concanavalin A chromatography. Isolated 
isoforms were : UB^unbou^ and FB, firmly bound to the_ 

lectin. RESULTS : UPMS \ showed two groups of^STWm^ct^^ 




isolorms : wB, bearing biantennary galactosylated type and FB, bearing 
high mannose or hybrid type oligosaccharides. Immuno and bio-acjiive FSH 
were not detected in the UB fractions. WB isoforms represent ed($2j+/- 6% 
of the total bioactivity recovered in samples analysed individually; their 
B/I ratio was fch 85\ +/- 0.20. FB isoforms were @)+/- 6%; their B/I ratio 
was 13.27)+/- 0.60. Whole serum B/I ratio was 1.20 +/— 0.30. Similar results 

were obtained when pooled sera was analysed: WB: 77%, B/I: n A?,;, F ^ i, IM 2 3ft ff „., 

^ B/I: 3.75. Whole ^&e rum B/I in Pggj : 3^ ggggj^s , w as 1 ,10. JfPS showed a 
dTrTerent pattern. UB isoforms , bearing triantennary or bisecting 
oligosaccharides, were 41 +/- 3% of the total bioactivity recovered in 
samples analysed individually. Their B/I ratio was 0.61 +/- 0.23. WB 
isoforms were 59 +/- 3% and their B/I 0.76 +/- 0.14. FB FSH isoforms 
were not detected. The whole serum B/I ratio was 0.60 +/- 0.30. Similar 
results were obtained when pooled sera was analysed: WB 43%, B/I 0.42; FB 
57%, B/I 0.62. Whole serum B/I in pooled samples was 0.70. CONCLUSIONS: 
These results show that, in normal women, circulating FSH bioactivity is 
associated with isoforms with different oligosaccharide [correction of 
oligosacharide] structures according to hormonal status. FSH in the 
follicular phase has a higher degree of branching and a more complete 
carbohydrate chain than the FSH secreted during the menopause. 
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Summary of the Invention: 

...the diagnosis of androgen decline in males now commonly referred to 
as andropause or male menopause . In particular, the present invention 
relates to a diagnostic method, device and test kit for indicating 
andropausal status and/or reduced gonadal function in males... 

...to as male menopause, is defined as a progressive decline in the 

production of androgenic hormones which commonly occurs in ageing adult 
males. The age of onset of andropause is very... 40, and the incidence 
increases with each decade of life. Associated with declines in 
androgenic hormone production are declines in male gonadal function 
which tend to develop very gradually over many. . . 

...which a decline in ovarian function results in a corresponding decline 
in the levels of estrogen . 

[ - - . 

...In both andropause and female menopause the decline in biologically 
active levels of the sex hormones causes the clinical signs and 
symptoms associated with these two conditions. The declining levels of 
gonadal hormones are a direct result of a progressive reduction of 
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Immunometric assays of luteinizing hormone (LH) : differences in 
recognition of plasma LH by anti -intact and be ta-subunit- specif ic 
antibodies in various physiological and pathophysiological situations. 
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Restricted immunoreactivity of plasma luteinizing hormone (LH) has been 
described in some subjects when assayed with certain methods involving 
antibodies against intact LH. We have compared the performance of the 
Amerlite LH-30 (A) and Delfia LHSpec (D) assays (which include anti-intact 
and beta-specific antibodies, respectively) in normal and pathological 
conditions. As shown previously, results of the two systems were highly 
correlated with each other and, as we show here, with those of a bioassay. 
We found eight outliers (results outside the 95% confidence interval of the 
regression) among 427 samples studied from 121 subjects. Of the outliers, 
five had Delfia results in a range (< 1 IU/L) that was associated with poor 
assay precision for that assay, and the ratios of their values by both 
methods (A:D ratios) were very low. This ratio was affected by endocrine 
status, e.g., was lower in postmenopausal women than in premenopausal 
controls, and varied intraindividually within the same menstrual cycle. The 
restricted immunoreactivity described previously for assays involving 
anti-intact LH antibodies may, in part, reflect these differences, which, 
in turn, may reflect the presence of isoforms (e.g., glycoforms ) that 
are differentially recognized by assays that have different antibody 
configurations. 
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In order to identify the molecular weight forms of bioactive and 
immunoactive inhibin in human plasma, plasma/serum was sequentially 
fractionated by immunoaf f inity chromatography (using immobilised inhibin 
alpha subunit antiserum) , reversed phase HPLC and preparative SDS-PAGE. The 
electroeluted gel fractions were assayed for inhibin in vitro bioactivity 
and immunoactivity, the latter by RIA. Initial experiments examined human 
follicular fluid as an inhibin-rich source. Bioactive and immunoactive 
fractions of 30, 35, 53, 65 and approximately 120 kDa were identified in 
addition to bio-inactive, immunoactive fractions of 2 6 kDa and 32 kDa. 
These molecular weights correspond to those of known inhibin forms and are 
attributed to differing degrees of glycosylation of the inhibin alpha 
subunit and variable processing of the alpha and beta inhibin subunits . 
Fractionation of male plasma pools revealed the presence of higher 
molecular weight immunoactive forms (55-120 kDa) as well as 28-31 kDa forms 
although the molecular weight distribution of activity between pools 
varied. To assess if the molecular weight pattern was modified by storage 
and/or subsequent fractionation, protease inhibitors were added initially 
to plasma and fractionated as above. The molecular weight distribution of 
immunoactivity was largely unaffected by the treatment, indicating that 
minimal processing had occurred. Postmenopausal serum itself showed low 
to undetectable activity. The addition of recombinant human 31 kDa inhibin 
to postmenopausal serum resulted in a molecular weight profile of inhibin 
immunoactivity consistent with the presence of 31 kDa inhibin. 
Fractionation of a serum pool from women undergoing gonadotrophin 
stimulation, in which inhibin levels were elevated, showed a range of 
bioactive and immunoactive inhibin forms over the 30-120 kDa 
range. (ABSTRACT TRUNCATED AT 250 WORDS) 
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Pharmacokinetics of follicle-stimulating hormone: clinical significance. 
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OBJECTIVE: To review studies that examine the pharmacokinetics and 
pharmacodynamics of endogenous, as well as several exogenous FSH 
preparations. DESIGN: Related studies were identified through a 
computerized bibliographic search. PATIENTS: Initial pharmacodynamic 
studies were done in animal models and in women and men with either 
hypogonadotropic hypogonadism or suppressed hypothalamic-pituitary-gonadal 
axis. More recent studies evaluated FSH pharmacokinetics during ovulation 
induction treatment in women with normal ovulatory cycles or polycystic 
ovarian syndrome. RESULTS: Various types of FSH exist according to their 
sialic acid content. High estrogen levels induce the secretion of less 
sialylated molecules with higher receptor affinity and an increased 
clearance rate. It appears that there is a threshold FSH level that should 
be reached to achieve an ovarian response. A very narrow range exists 
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This report describes the results of the third part of the collaborative 
study organized by a working group sponsored by the Community Bureau of 
Reference of the European Community Commission. The aim of the present work 
was to establish the link between immuno re activity and biological activity 
of human LH, thus allowing to determine the antigenic domains of the 
molecule involved in the induction of the biological effect. The 
relationship between immunoreactivity and electric charge of- hLH was also 
studied. This work allowed to further apprehend hLH isomorphism and its 
role in discrepancies observed among hLH assays and clinical status, it 
also made the feasibility of measuring biologically active isoforms by an 
immunological method to be assessed. The effect of 3 6 mAb with known 
epitopic specificity, was evaluated on both hLH binding to rat membrane 
receptor and hLH induced production of testosterone by porcine Leydig 
cells. All the epitopes located on the beta subunit were found to be 
strongly involved in the biological activity whereas 4/9 and 10/18 epitopes 
present on the alpha subunit or specific for the holomolecule respectively 
appeared, weakly involved. Assaying biological hLH using immunological 

method would require that mAb specific for all the epitopes involved in 
the receptor activation be tested, and thus appears presently unsuitable 
for routine clinical evaluation, in the previous work some LH immunoassays 

were found to underestimate LH concentrations (J. Endocrinol. Invest 1994, 
17: 397-406 and 407-416). The mAb used in liquid phase in these kits were 
found in the present work to be directed against the domains of LH weakly 
involved in the activation of the receptor and would suggest that bioactive 
LH would be misevaluated by these kits. The immunoreactivity of hLH 

isoforms separated by isoelectric focusing (IEF) in liquid phase was 
also determined., IEF allowed to separate three groups of hLH isoforms 
but none of them exhibited a specific discriminating pattern of 
immunoreactivity when they were tested against a panel of mAb.. It suggests 
that, in our experimental conditions, the electric charge and the 
immunoreactivity of hLH were not closely linked. 
Tags: Animal; Human; Male 
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the antigen and are capable under appropriate condi- 
tions of binding simultaneously to an antigen are useful 
in enhanced sensitivity assays for the antigen. By utiliz- 
ing such mixtures in diagnostic assays for important 
antigens such as the polypeptide human chorionic gona- 
dotropin enhanced sensitivity can be achieved as com- 
pared with assays employing individual monoclonal 
antibodies. 
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^„ . , _ calculated for each antibody or mixture. The ED50 for 

MONOCLONAL ANTIBODY MIXTURES AND USE the mixture of BI01 and B102 is 2.44±0.74 X 10~-?0 M 

THEREOF FOR ENHANCED SENSITIVITY antibody B101 is 2.88±0.74x lO-^M, and antibody 

IMMUNOASSAYS B102 is 1.058± 0.995xl0-?M. 

5 FIG- 2: Scatchard analysis of the binding to hCG of 

Ine invention described herein was made in the A, a mixture of antibodies BIO 1 and B102; B, antibody 

course of work under grants numbered HD-13496, HD- B101 and C, antibody B102. Slopes of the lines (there- 

15454 and CA-26636 from the National Institutes of fore, the equilibrium binding constants) are A: 5.4X 10^ 

Health, United States Department of Health and B: 5.1 X10 8 ; and C- 1 9X10 7 

Human Services. , 0 FIG. 3A: Radioimmunoassay for hCG by double 

BACKGROUND OF THE INVENTION antibody liquid phase assay. The procedure was the 

r, , . _ .« , , » j t , r same as for FIG. 1. The ED 50 for antibody A 102 is 

Development of the hybndoma technology [Kohler, 8.52±2.94x lO-^M, antibody B101 is 

? w° °? 75 ^ N , a i U /\ 2 l 6:4 ?o SS ?° din& 2 ' 88± °^X ™~ 9 to, and mixture of antibodies B101 
J. W., (1980) Immunological Methods 39:285] has pro- 15 and A102 is 4 66±1 99x 10-*M 
vided immunoglobulin reagents which bind to only one FIG. 3B: Radioimmunoassay' for hCG by double 
antigenic site. Although these reagents have found antibody liquid phase assay with antibodies B 101 B103 
widespread use as biochemical and immunological and a mixture of B 101 and B 103. The procedure was the 
tools, their usefulness in radioimmunoassay has fire- same as in FIG 1 

quently been limited by their lower affinity for antigen 20 FIG. 4: Radioimmunoassay for hCG by solid phase 
JSSHf* Wlth that ° f SCrUm antibodies [Coding, J. W., assay. A: Antibodies B101, B102 and a mixture of B101 
(1980) Immunological Methods 39:285]. In principle, and B102. B: Antibodies B102, B103 and a mixture of 
the affinity of monoclonal antibodies could be enhanced B 1 02 and B 1 03. 

by more stringent hybridoma selection procedures. The FIG. 5: Radioimmunoassay for hCG by double anti- 
production of monoclonal antibodies has also enabled 25 body liquid phase assay with papain digested B102 The 
investigators to dissect the humoral immune response procedure was the same as for FIG. 1 except that the 
5?i,°JS? f Ure com P° nents t S , taines > N « A - and A. M Lew second antibody used for precipitation of the antibody- 
(1980), Immunology 40:287]. This will eventually result antigen complex was goat anti-mouse F(ab') 2 The in- 
m a more comprehensive understanding of the role of crease in affinity of the mixture was not affected by this 
the individual antibody, especially with regard to the 30 change of second antibody (results not shown) 
possibility that an antiserum may have different charac- FIG. 6: Radioimmunoassay for hCG by double anti- 
ter.stics than the sum of its individual antibodies. body liquid phase assay with Bl01-F(ab') 2 The proce- 

During the course of a systematic assessment of the dure was the same as for FIG 5 
immunochemistry of human chorionic gonadotropin FIG. 7: Logit inhibition curves of A: a mixture of 
(hCG), including the relative orientation of different 35 B101 and B102, B: antibody B101 and C: antibody B102 
epitopes of this molecule and the effect of several mono- with hCG and with human luteinizing hormone (a hor- 
monal antibodies on the hormone-receptor interaction, mone with a very similar structure) 
it has been observed that the apparent affinity of mix- 

tures of certain monoclonal antibodies is enhanced rela- DETAILED DESCRIPTION OF THE 

tive to the affinity of the individual antibodies. 40 INVENTION 

SUMMARY OF THE INVENTION . Il ^ been obscrved that mixing monoclonal antibod- 

» • . c . t ies directed against various epitopes of human chorionic 

A mixture of monoclonal antibodies which includes gonadotropin can increase the sensitivity of antigen 
an effective assaying amount of each of at least two binding assays. Depending on the antibody pair chosen, 
monoclonal antibodies that bind to different antigenic 45 the affinity of the mixture can be as much as 10-fold 
sites on an antigen and are capable of doing so under higher than that of the monoclonal antibodies assayed 
appropriate conditions is useful in an enhanced sensitiv- separately. This increased affinity can be detected in 
ity assay for the antigen. " both a solid pha$e assay and a liquid hase doub , e ^ 

Such mixtures are particularly useful in assays for body radioimmunoassay. The mechanism for the in- 
antigens having multiple epitopes, e.g. polypeptides 50 crease in affinity depends on the formation of a multi- 
such as human chorionic gonadotropin, follicle stimu- component complex. Mixing two antibodies which can- 
lating hormone, thyroid stimulating hormone or lutein- not bind simultaneously does not result in enhanced 
izing hormone where the different antigenic sites on the affinity, but combining pairs which can bind at the same 
antigen are different ammo acid sequences contained time under appropriate conditions results in higher sen- 
therein By employing such mixtures in assays for anti- 55 sitivity in an antigen binding assay. If one of the anti- 
gens of clinical interest one can obtain enhanced sensi- bodies of a pair which results in enhanced affinity upon 
ivity as compared with the sensitivity obtained with mixing is replaced by its F(ab) fragment, the enhance- 
the individual monoclonal antibodies. m ent is no longer detectable, indicating that it is un- 

BRIEF DESCRIPTION OF THE DRAWINGS Uke ! y ^ the ei ) nancement * due to an allosteric effect. 

xyfr~> * t\ _j< • „ , 60 While the F(ab')z fragment shows some enhancement 

WG. 1: Radioimmunoassay for human chorionic when mixed with another antibody, it is not as effective 
gonadotropin (hCG) by double antibody liquid phase as the intact antibody 

assay The amount of labeled hCG bound in the absence Based upon these discoveries and observations, the 
of unlabeled inhibitor was approximately the same for present invention provides mixtures of monoclonal anti- 
each antibody or antibody mixture. This was achieved 65 bodies useful in an enhanced sensitivity assay for an 
by appropriate dilution of each antibody solution or antigen. The antibodies useful in the practices of the 
Ur £u S£ U antl - mc ! use '6° was second anti- inventions are also characterized by the fact that they 
body. The ED 50 plus/minus the standard deviation was are capable of binding to the antigen both under normal 
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nondenatunng conditions and under conditions de- the mixture and the antigen. One specific application 

scribed hereinafter where antibodies otherwise capable would involve detection of human chlorionic gonado- 

of binding to the antigen are unable to do so. tropic as a test for pregnancy. 

The invention described herein may in principle in- To assist in an understanding of the invention the 

volve more than two monoclonal antibodies. Mixtures 5 results of a series of experiments follow. Of course, 

containing three, four or more antibodies each of which these experiments are intended merely to illustrate the 

binds to a different antigenic site on the antigen may be invention and should not in any way be construed as 

particularly useful in assays for large molecules such as limiting its scope as defined by the claims which follow 

polypeptides having numerous subunits. However, for thereafter, 

illustrative purposes the invention will be described by 10 

reference to mixtures which contain two such antibod- EXPERIMENTAL DETAILS 

les ' , , t Materials and Methods 

Although various types of antigens could be detected 
in assays employing mixtures of suitable monoclonal Production of Monoclonal Antibodies: Balb/c mice 
antibodies, the invention is particularly suited for detec- 15 were immunized monthly with an intraperitoneal injec- 
tion of polypeptide antigens where the different anti- tlon of hCG subumts ln complete Freund's adjuvant for 
genie sites are different and distinct amino acid sequen- several months according to the method of Wands and 
ces contained within the polypeptide. Examples of anti- Zurawski [Wands, J. R., and V. R. Zurawski, (1981) 
gens of this type are the sequence related hormones Gastroenterology 80:225]. Three days before the spleen 
human chorionic gonadotropin (hCG), follicle stimulate 20 was excise . d » additional antigen was injected (50 u-g, 
ing hormone (FSH), thyroid stimulating hormone IV ' in saline )- 

(TSH) and luteinizing hormone (LH). The s P leen cells were fused with P3-NSl/l-Ag4-l 

To be effective in assay, each monoclonal antibody of myeloma cells and hybridoma cells were isolated using 

the assay mixture should be present in an amount suffi- published procedures [Wands, J. R., and V. R. Zuraw- 
cient to permit significant binding to the antigen, that is, 25 ski : 0 98 0 Gastroenterology 80:225; Marshak-Roth- 

above about 10 percent of the antigen to be simulta- f tein > A -> et al " (1979) J. Immunol. 122:2491]. Antibod- 

neously bound to the antibodies. Preferably the amount ies . used for subsequent studies were isolated from hy- 

of antigen bound should be higher, for example an bridoma cell lines which were cloned twice by limiting 

amount in the range from about 20 to about 80 percent dilution on Balb/c 3T3 monolayers. The antibodies are 
or higher. 30 named with a letter and three numbers. The letter B 

In order to obtain such amounts of bound antigen, the indicates the antibody is specific for the /9 subunit of 
precise amount of each antibody may vary widely de- n CG anc * A. indicates the antibody binds the a subunit. 
pending upon its affinity for the antigen so that lesser Cel1 supernatant, partially purified, or purified anti- 
amounts of antibodies having higher affinities are re- body, or both were used. To obtain partially purified 
quired than of antibodies having lower affinities. 35 antibody the hybridoma cells were grown in serum-free 

The amounts of each of the monoclonal antibodies medium containing 2 mg/ml bovine serum albumin and 
relative to one another will also vary over a wide range. tne supernatant dialyzed against 0.05M ammonium bi- 
For a two antibody mixture, the amount may vary from carbonate. After lyophilization, the powder was recon- 
about 10 6 :1 to 1:10 6 . However, based upon the binding stituted in the desired volume of 0.3M potassium phos- 
constants most likely to characterize the monoclonal 40 P nate buffer, pH 7.5. To obtain purified antibody the 
antibodies of interest the range might preferably be sa ™e protocol was followed (except the medium con- 
from about 10 2 :1 to l:10 2 . In general, the preferred tained 0. 1 mg/ml bovine serum albumin) and the albu- 
amount of each antibody relative to the amount of other min removed with a DEAE Affi-Gel Blue column (Bio- 
antibodies will be substantially the same as the ratio of Laboratories), 
the binding constants of the antibodies to the antigen. 45 ~ . . A , n . . 
Thus, if the binding constants of monoclonal antibodies Double Antlbod y Radioimmunoassay 
A and B are 10~ 9 and 10~ 7 , respectively, the relative 50 fi\ '251-hCG and 50 uJ of unlabeled hCG (both in 
amounts of A and B will be about 10-Vl0- 7 =10*- 2 , 1 percent horse serum, 99 percent phosphate buffered 
that is, 1 molecule of A for each 100 molecules of B. saline) were mixed with 100 /xl 0.3M potassium phos- 

In the case of polypeptide antigens which contain 50 phate (pH 7.5). Subsequently, 100 /il antibody (diluted 

subunits such as the a and /3 subunits of human chori- in 1 percent horse serum) were added, the tubes incu- 

onic gonadotropin, mixtures of monoclonal antibodies bated one hour at 37* C. followed by 18 hours at 5' C, 

m which each of the antibodies binds to an antigenic site and the complex precipitated by adding 10 u.1 of 50 

on a different subunit are more likely to provide en- percent normal mouse serum (in phosphate buffered 

hanced sensitivity in assays employing them, possibly 55 saline) and an appropriate amount of rabbit anti-mouse 

because they are more likely to be capable of simulta- IgG or goat anti-mouse F(ab')2- Once precipitation was 

neously binding to the antigen under appropriate condi- complete (i.e. 10 minutes at 37° C. and then 1 hour at 

tlo "f' room temperature), the precipitate was sedimented and 

1 he mixtures may be used in assays in different forms. counted. 
Thus, they may be used in solid form absorbed onto a 60 

solid matrix or in liquid form dissolved in a suitable Solid Phase Radioimmunoassay 

buffered solution. To coat pIastic microtiter wells with antibodVi 50 

1 he mixtures can be employed in conventional immu- purified antibody was incubated for 18 hours at 5° C in 

noassays, including radioimmunoassays, to determine a Cooke microliter plate ("IT wells) and excess non- 

quahtatively and quantitatively the presence of antigens 65 bound antibody removed by washing the wells three 

in samples of interest. In such methods the samples are times with distilled water. To saturate all the plastic 

contacted with the mixture under suitable conditions sites which would bind proteins, the plates were treated 

permitting formation of a detectable complex between with 10 percent y-G free horse serum (90 percent phos- 
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Experiment 


Antibody or 
Mixture 


Keq* (L/nMole) 


Enhance- 
ment 
Factor** 


P 


1 


BI01 


0.51 ± 0.02 


10.6 


<r.oi 




BJ02 


0.019 ± 0.002 








B101 + B102 


5.4 ± 0.5 






2 


B101 


0.41 ± 0.09 


7.3 


<.01 




B102 


0.018 ± 0.002 






B101 + BJ02 


3.0 ± 0.2 






3 


B101 


0.88 ± 0.08 


5.7 


<.01 




B101 + B102 


5.0 ± 0.07 




4 


B10I 


0.81 ±0.11 


6.0 


<.01 




B101 + B102 


5.5 ± 1.2 
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phate buffered saline) for 2 hours and the excess re. enabled us to dilute a 1:1 mixture of the two antibodies 

wbv iSS.^" 0 ? bindin f r $ quanti - 9 - fo,d and chieve the — ~uSS S3SS 

col^i^ *-« e n ibodies * These resu,ts were 

tion of 18 hours at 5« C , excess radioacJvtty w^s re- 5 ****** " J"™ L ^ the data are not 

moved, the plates washed with distilled water and the P resented here > ™ e ability of two antibodies to show 

wells counted. . * ms cooperative effect is not limited to pairs of antibod- 
ies which bind the same subunit since A102 and B102 

Sandwich Assay also have this cooperative interaction. Other combina- 

50 u-1 containing at least 30 u-g/ml of monoclonal io tions of antibodies did not produce the same result, 

antibody were added to the 96-well microtiter plates to Tnus » a similar cooperative effect between B101 and 

permit the antibody to adsorb to the surface of the plas- A102 (FIG. 3 A) or between B 101 and B 103 (FIG. 3B) 

tic. After 4 hours at 37* C. the solution was removed was not observed, 

and the plates immersed in 150 mM NaCl solution con- T 

taining 1 mg/ml bovine serum albumin (BSA-saline) to 15 TABLE 1 

fill remaining nonspecific adsorption Sites On the plastic Statistical Analysis of the Affinity of Antibodies B101 and 
surface. To saturate the antibodies with hCG, the hor- B102 Compared with a Mixture of Antibodies B101 dIu* B102 
mone (1 u.g in 50 ul BSA-saline) was added for 2 hours 
to each microtiter well. Under these conditions most of 
the hCG which became insolubilized was bound to 20 
antibody adsorbed to the plastic. Excess hCG was re- 
moved by washing the plate in BSA-saline solution. 
After addition of radiolabeled antibody (50,000-100,000 
cpm in BSA-saline solution for 2 hours at room temper- 
ature), the non-bound label was removed by washing 25 
the plate in BSA-saline, the microtiter plates cut apart 
with scissors, and the radioactivity adsorbed to each 
well was measured. 

Other Materials and Methods hZT™* Sca,chard plols ' Scalchard ' G " (,949) Ann - N ' Y - Acad Sci 

Digestion of antibody BUM I was performed by meth- ^^^umn^Bimm^^^Bm^,^ 

OdS previously described [Edelman, G. M., and J. J. of calculating the enhancement, the affinity orthe mixture is compared 10 .he affinity 

Marchalonis, (1967) Methods in Immunology and Inv of ,hc amibody wi,h ,h€ hi8her affinily - 

munochemistry, Vol. I, pp. 405, Academic Press, New x ~ 

York]. Sodium dodecyl sulfate (NaDodS0 4 ) polyacryl- Ml ^res of B101 and A102 (or B101 and B103) gave 

amide gel electrophoresis [Weber, K., and M. Osborn, inhibition curves intermediate between those antibod- 

(1969) J. Biol. Chem. 244:4406] of the digestion prod-' ie $* Similar results are apparent with a solid phase radio- 

ucts indicated that essentially no complete heavy chain. immunoassay (FIG. 4). A mixture of B101 and B102 

remained. The F(ab')i fragment of antibody B101 was } was observed to have a higher affinity for hCG than 

prepared by pepsin digestion [Gorini, G., et al, (1969) J. ^ either of the antibodies separately, although the differ- 

Immunol. 103:1132], except that the amount of pepsin ence between the mixture and antibody B101 was only 

was ^ percent by weight of the amount of antibody. about 4-fold. The combination of antibody B102 and 

L n S^Tl ^digested was removed by B103 did not result in an increase in affinity, 
incubation with Protein A-Sepharose (Pharmacia Fine 

Chemicals) at pH 8. 1 and centrifugation of the Protein Sandwich Assays 

(1978) Immunochemistry" 15^29] excg' that a batch £ "?* *** 10 bind 
process instead of column chromatography was em ^ ° m S W f * easured «*• ^ 
ployed. NaDodSO* polyacrylamide gel electrohoresis ^ T*** F f l) ' If unlabeled and radiolabeled 
in the absence of reducing agents revealed only one antlbod y bmd to the same site, the unlabeled antibody 
major band at a molecular weight of 105,000. The con- Wl11 inbibit binding of the radiolabel. Conversely, if 
centration of hCG was determined by the optical den- b ° th bind to different sites, a large amount of radiolabel 
sity at 280 nm and amino acid analysis. Chloramine-T wil * be 1)0111113 to the plastic. Labeled and unlabeled 
was used to iodinate hCG according to the procedure „ B101 cannot hind the antigen at the same time; there- 
described by Greenwood, et al. [Greenwood, F, et al., fore » little ratiolabel was observed bound to the plastic. 
(1963) Biochem. J. 89:114], Similar results were observed using labeled and unla- 
Results beledB102. Antibodies B102 and B103 bound to hCG at 

a site remote from that for B101 since both allowed 
Radioimmunoassays 6Q binding of B101 to the plastic. Further, labeled B102 

The ability of hCG to inhibit the binding of radioio- bound t0 hCG attached to unlabeled B101. In contrast, 

dinated hCG to monoclonal antibodies B101, B102, and antibody A102 prevented binding of radioactive B101 

a mixture of B101 and B102 was compared (FIG. 1). indicating that A102 and B101 cannot bind simulta- 

HCG was 20-fold more active in inhibiting binding of neously to hCG. Similarly, it was found that antibodies 
radiolabel when the mixture was employed. Scatchard 65 B102 and B103 cannot bind simultaneously. Thus it 

analysis of the data showed a similar increase in affinity appeared that simultaneous binding of the antibodies on 

of the mixture over B 101 alone and a much larger in- two different hCG sites was necessary but not sufficient 

crease over BI02 alone (FIG. 2). The greater affinity for cooperative interactions. 
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Effect of Antibody Fragments 

To study the influence of the structure of the antibod- 
ies on cooperativity, fragments of the monoclonal anti- 
bodies were prepared- The capability of antibody B102 
to enhance the affinity of B101 was eliminated when 
antibody B102 was digested with papain (FIG. 5) al- 
though papain digestion of B102 had no detectable 
effect on the affinity of this antibody for hCG. This 



synthetic antiserum. These results may also have impli- 
cations for the control of antibody synthesis and the 
immune response in vivo. Since mixtures of antibodies 
have different properties than the individual antibodies 
(depending on which ones are mixed), it seems likely 
that the immune response should result in mixtures of 
compatible antibodies. Thus, the maturation of the affin- 
ity of antisera [Karush, E., (1978) Comprehensive Im- 
munology 5. Immunoglobulins pp. 85, Plenum Medical 



indicated that either the F(c) region or the bivalency of io Book Co., New York] may not only be due to the fact 



the antibody was necessary for enhanced affinity. The 
bivalent F(ab')2 results in some enhancement of binding 
affinity but it is not as effective as the intact antibody 
(FIG. 6 and Table III). 

TABLE II 

Sandwich Assays Using Pairs of Monoclonal Antibodies 

Unlabeled Antibody 

Labeled Antibody B10I B102 B103 A 102 



BIO! 
BI02 



17 
5136* 



9438* 

-202 



11128* 
144 



415 
5453* 



20 



*p < .001: all the others are not significantly different from zero. 

Values are cpm (means of triplicate determinations) of 
antibody specifically bound to hCG-unlabellcd anti- 
body complexes adsorbed to the surface of the plastic 
microtiter plates. Radioactivity bound nonspecificaly 
(i.e. that which became bound to the plastic in the pres- 
ence of a monoclonal antibody which does not bind 
hCG) was subtracted. 

TABLE III 

Statistical Analysis of the Affinity of BIO 1 F(ab')2 



25 



30 



Ex- 






Enhance- 




peri- 




Keq* 


ment 




ment 


Antibody or Mixture 


(L/nMole) 


Factor** 


P 


I 


B101 F(ab')2 


1.61 ± 0.18*** 


1.5 


<.l 




BI01 F(ab') 2 + B102 


2.4 ± 0.4 






2 


B101 F(ab')2 


0.77 ±0.11 


2.2 


<.0I 




B10I F(ab')2 + BI02 


1.7 ± 0.1 


2.2 


<.01 


3 


B10I F(ab') 2 


0.97 ±0.17 


2.0 


<.0I 




B101 F(ab') 2 + B102 


1.9 ± 0.2 


2.0 


<01 


4 


B101 F(ab') 2 


0.72 ± 0.O6 


6.4 


<.01 




B101 F(ab'h + B102 


4.6 ± 0.8 







'Determined using Scatchard plots [Scaichard. C, (1949) Ann. N.Y. Acad. Scj. 
52:660.) 

•*Kcq for a mixture of B 101 Ftab'h and BI02 divided by Keq for BI01. 
"•Keq value* Tor BI01 F(ab')j are not significantly difTerenl than Keq for B101 
shown in Toble I. 



35 



40 



45 



50 



55 



DISCUSSION 

Mixtures of monoclonal antibodies may have signifi- 
cantly different properties than the individual compo- 
nents. It has been shown that the affinity of a mixture of 
hybridoma antibodies can be enhanced. Other proper- 
ties of monoclonal antibodies have previously been 
improved by utilizing more than one hybridoma anti- 
body. Haber, et al. [Haber, E. et al., (1980) "Resolving 
antigenic sites and purifying proteins with monoclonal 
antibodies", Monoclonal Antibodies in Endocrine Re- 
search, Raven Press] developed a radioimmunometric 

assay with two monoclonal antibodies which had 60 teraction between the free F(ab) arms left after binding 
greater specificity than an assay employing either and- to hCG while B101 and B103 are not related in this 
body separately. Howard, et al. [Howard, J. C, et al., way). It should be emphasized, however, that the fact 
(1979) Immunological Rev. 47:139] showed that combi- that B10I and B103 are not enhancing argues very 
nations of monoclonal antibodies can be synergistic in strongly that some characteristic of the individual ana- 
lysing red blood cells. Although some of the advantages 65 body (such as spatial orientation of the epitope or the 
of monoclonal antibodies may be lost upon mixing, such nature of the idiotope) is extremely important in the 
as the ability to react with a single determinant, many cooperative effect. Further experiments are necessary 
advantages may result in producing what is, in effect, a for complete characterization of the mechanism. 



that a high affinity clone has been stimulated but that an 
antibody has been produced which can enhance the 
affinity of another antibody already present in the 
serum. 

Several types of antibody mixtures have been exam- 
ined. Combining antibody B101 with antibody A 102 
results in the expected dose-response curve in that the 
logit plot shows the inhibition line for the mixture to be 
between the inhibition curves for the separate antibod- 
ies. B101 and A 102 cannot bind hCG simultaneously. 
With antibodies B101 and B103, which can bind to the 
hormone at the same time, the logit plot for the mixture 
follows the plot for the high affinity antibody at low 
antigen encentrations and approaches the line for the 
low affinity antibody at high antigen concentrations. 
The mixture of antibodies B101 and B102 is the major 
result of this work in that the affinity of the mixture is 
higher than either antibody. As shown in Table I, this 
result is reproducible and statistically significant. 

Once the presence of a cooperative effect had been 
established, the question of mechanism arose. There 
was a loss of enhancement when the F(ab) fragment was 
substituted for the antibody. This result indicates two 
important characterstics of the cooperativity. First, a 
larger fragment of the antibody than F(ab) is required. 
Second, the possibility that the binding of one antibody 
changes the conformation of the hormone thus leading 
to a higher affinity of the second antibody (an allosteric 
model) became unlikely. Another possible explanation 
for the enhancement is that it is caused by intermolecu- 
lar crosslinking of bivalent antibodies and antigen (as in 
formation of a circular complex consisting of two anti- 
body and two antigen molecules, which Schumaker, et 
al. [Schumaker, V. N., et al., (1973) Immunochemistry 
10:521] have predicted to be very stable complexes). 
The results with F(ab')2 indicate that, at the very least, 
this cannot be the sole mechanism. Alternatively, inter- 
action of the F(c) regions in a complex is consistent with 
all data from the liquid phase radioimmunoassays. The 
solid phase assays seem to indicate that F(c) interactions 
are not the only factor since the antibodies are already 
anchored to the plastic and enhancement still occurs. Of 
course, the mechanism may be different for the two 
types of assays. Finally, the results with antibodies B101 
and B103, which can bind simultaneously to hCG but 
do not have a cooperative interacton, indicate that idi- 
otype-anti-idiotype interactions may play a role (i.e. t 
B101 and B102 may have an idiotype-anti-idiotype in- 
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The possibility that mixtures of antibodies may have monoclonal antibody mixtures in assays for the aDoro- 
higher affinity than the individual antibodies has two pr iate antigen will provide enhanced sensitivity 
major implications. First, an opportunity for increasing In addition to electrophoresis, antibody combinations 
the affinity of monoclonal ant.bod.es .s prov.ded. Sec resulting in enhanced a P ffinitv ^ T J ognizcd ™2 
ond, the capacity to mix a series of antibodies in a de- 5 ,7, , t . * , 5 " " uy <m 

fined system makes possible a more complete under- ^Zlt,7 U "^r £*, T geI J^ tion 
standing of the subtle effects which occur in a poly- ch °niatogra P hy More specifically, 1-5 ^g hCG con- 
clonal immune sera. taming a suitable amount of radioiodinated hCG 

(0.1-10.0 u.Ci) were mixed with 1 to 10 micrograms of 
Extent of Synergistic Interactions JQ the antibody mixture and chomatographed in 0.015M 

By performing radioimmunoassays with all paired Hepes buffer, pH 7.4-0.9% NaCl— 1 /ng/ml BSA over a 
combinations of five monoclonal antibodies, the preva- * cm diameter— 24 cm long Sephacryl S-400 column, 
lence of synergistic interactions was measured. The Mixtures of B 101 +B 102 +hCG giving enhanced affin- 
following table shows the pairs of antibodies that are gave rise to an extra peak whereas mixtures of 

synergistic (have a higher affinity for antigen when 15 B101 + B103+ hCG known not to give an increase in 
mixed) measured by double antibody radioimmunoas- affinity in solution failed to produce the extra peak, 
says. A plus sign indicates that the antibody identified at Thus, this procedure is also useful in determining which 
the top of the column is synergistic with the antibody pairs of antibody will be effective 
named at the left. A minus sign indicates no synergistic Although the invention has been described with par- 
m eraction. 20 ticular re f erence to the use of m i xtures of mon oclonal 

antibodies in assays to provide enhanced sensitivity, it is 
understood that the invention also embraces use of the 
mixtures to provide enhanced specificity and such other 
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purposes as may subsequently be discovered, including 
25 perhaps in vivo treatment methods for various condi- 
tions. 
What is claimed is: 



Thus, out of ten possible pairs, five are synergistic. 1. An immunoassay for an antigen providing en- 

Actually, the proportion is much higher because some hanced sensitivity which comprises contacting the anti- 

of hese antibodies cannot bind antigen simultaneously 30 gen under suitable conditions with effective assaying 

' & which bind to different antigenic sites on the antigen 
Increase in Specificity of Mixtures of Monoclonal and which are capable under appropriate conditions in 
Antibodies 35 a totally liquid phase of forming a stable complex which 
FIG. 7 shows the logit inhibition curves of a mixture j ncludes the antigen and all of the monoclonal antibod- 
of B101 and B102, antibody B101, and antibody B102 leS ' the monoclon al antibodies being further character- 
with hCG (the antigen) and hLH (a hormone with a ized in that thev f orm a stable complex with the antigen 
very similar structure). Distinguishing between these w «en subjected to gel electrophoresis in the presence of 
two hormones is very important in the diagnosis of 40 tne an ^gen and when subjected to gel filtration chroma- 
pregnancy and cancer. Graph A shows that the mixture tography in the presence of the antigen, and detecting 
of B 101 and B 102 can bind hCG about 170 fold stronger the complex which results from contacting the antigen 
than hLH. Graph B shows that B101 can bind hCG with the monoclonal antibodies. 

about 50 fold stronger than hLH. Graph C shows that 2. An immunoassay according to claim 1 which com- 

B102 is more sensitive to hCG than hLH by about 10 45 prises two monoclonal antibodies, 

fold. Therefore, the mixture of antibodies is more spe, 3. An immunoassay according to claim 1, wherein 

cific than the mdividual antibodies. said antigen is a polypeptide and said antigenic sites are 

In order to further characterize those monoclonal amino acid sequences contained therein, 

antibodies which when mixed provide enhanced affinity 4. An immunoassay according to claim 1, wherein 

this property could be differentiated from those which c A „ i mm » nnaMa „ n „ A - . , . » 

do not, based upon ability to form a stable complex £ 1 ~ oassa y acc °' dln S t0 claim *> wherein 

between the mixture of antibodies and the antigen This J polypeptide antigen is follicle stimulating hormone, 

complex appeared as an extra band in gel electrophore- 55 6 1 ™ ,mmu n oas say according to claim 1, wherein 

sis. " said polypeptide antigen is thyroid stimulating hor- 

More specifically, 1-5 /xg hCG and 1-5 u.g antibody mone ' 

mixture were placed in 11 cm long tubes of 3, 4, 5, 6 and 7" An immun oassay according to claim 1, wherein 

7 percent polyacrylamide gels. The tubes were then said P ol ypeptide antigen is luteinizing hormone, 

subjected to a constant current of 4 milliamps per tube. 60 ••■An immunoassay according to claim 1, wherein 

The method used is essentially the same as that de- sa * d effective assaying amounts are amounts of each 

scribed for the second dimension in O'Farrell, P. H. monoclonal antibody sufficient to permit at least about 

(1975) J. Biol. Chem. 250: 4007-4021, except that there 10 percent of said antigen present in said sample to form 

is no SDS. After separation, the gels are stained with a said stable complex. 

sul * able d V e - 65 9. An immunoassay according to claim 1, wherein the 

The appearance of an extra band based upon the amounts of each antibody relative to the amount of 

formation of a complex between the monoclonal anti- other antibodies is in the range from about 10 6 -1 to 

body mixture and antigen indicates that use of such about 1:10* 
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10. An immunoassay according to claim 9, wherein 
the amount is in the range from about 10 2 :1 to about 
1:102. 

11. An immunoassay according to claim 9, wherein 
the amount of each antibody relative to the amount of 5 
other antibodies is substantially the same as the ratio of 
the binding constants of the antibodies to the antigen. 

12. An immunoassay according to claim 4, which 
comprises two monoclonal antibodies, one of which 
binds to the a chain of human chorionic gonadotropin 10 
and the other of which binds to the fi chain of human 
chorionic gonadotropin. 

13. An immunoassay according to claim 12, wherein 
the antibody which binds to the a chain is designated 
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12 

A 102 or A 103 and the antibody which binds to the @ 
chain is designated B102 to B103. 

14. An immunoassay according to claim 4, which 
comprises two monoclonal antibodies, both of which 
bind to the 0 chain of human chorionic gonadotropin, 
said antibodies being designated B101 and B102. 

15. An immunoassay according to claim 1, wherein at 
least one of the monoclonal antibodies is adsorbed onto 
a solid matrix. 

16. An immunoassay according to claim 1, wherein 
the monoclonal antibodies are dissolved in a suitably 
buffered solution. 

* * * * * 
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